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faction*  i*  u-iiallv  connected  with  crow-dins;, 
poor  lw>u«insf,  undemoiirixhrnent,  lack  of  chn- 
line**.  s> n<l  little  change  of  rlolliinsc,  a*  i*  tlie  rule 
during  di«tt*ler*  like  war,  fire,  earthquake,  Ihmri, 
and  famine. 

Kum|»e,  A»rn,  and  Africa  «uffarrd  fnmi  exten¬ 
sive  lou*e-lmme  florrelia  infection*  which  origi* 
nated  war  Ketxan  during  and  *lmrtlv  after 
World  War  I  ami  World  War  II. 

Tirk-lmrne  floret  Ha  infection*  remain  n»o*tly 
re»lrirted  to  the  vicinity  in  which  OrmVmtlorn* 
live*  and  do  not  *prrod  further  than  lire  infected 
arlhro|wid  h***t  i*  niovirnr.  The  contact*  of  tlr 
lick*  with  man  are  few  ;  t|»u«,  the  human  infer- 
lion  rate  i«  low.  Since  inhalntanl*  of  area*  wliere 
tick*  are  prevalent  may  have  acquired  a  certain 
•1**510*'  **f  immunify  during  rl«iMh**»l.  ii  i* 

to 


IxTHonrcriox 

llorreliae  jmlhogenir  to  man  are  the  eatisntive 
agent*  *»f  relap*ina  fever  arwl  it*  varietie*  known 
a*  tick  fever,  ghnrib  got  (Iran),  enmjHita  (Af¬ 
rica),  kirn  jiii I  ii.  gorgoyn  f South  America), 
liilimi*  tyjilioiil,  fowl  nr*  I  fever  (China),  an*l 
vagnliond  fever  (S|iain), 

'Hie  rrlnjoing  fever*  may  lie  divided  into:  ft) 
lomr-lioroe,  whicli  i*  u*ually  epi«letnir,  and  (it) 
tick-l>ome,  which  i*  mostly  rndemir.  Kxrejition*. 
Imwever,  occur;  e.g.,  in  Aby*«inia,  Pent,  ami 
China,  the  louse- Imrne  lyj>e  firrame  endemic. 

I  Inman  flarrtlia  infection*  are  or  were  *een  all 
over  tlie  world,  except  in  Au*lralia,  New  Zealand, 
ami  Oceania.  Only  one  import**!  **a-e  wa*  re- 
corrle*!  in  that  area  ( 1 5f»». 

Hr  ajifiearnnce  of  foti*e  l»>rm*  llm  .Ha  in 
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chiefly  the  outsider  who  becomes  ill  in  such  places. 
I'sually  soldiers,  hunters,  field  workers,  and 
tourists  are  the  victims  of  tick-borne  relapsing 
fever.  Sometimes  the  tick  vector  is  associated 
with  domestic  animals,  like  sheep  in  the  Kashmir 
(169),  creating  a  hazard  to  their  tenders,  or  with 
fowl  kept  in  living  huts,  as  in  East  Africa  (284). 

It  is  the  pur|x)se  of  this  contribution  to  review 
critically  current  information  on  borreliae,  their 
relationship  to  insect  vectors,  the  pathology  of 
experimental  infection,  and  the  immunology  and 
laboratory  diagnosis  of  human  relapsing  fever. 

Taxonomy 

The  genus  Borrelia  Swellengrebel  1907  belongs 
in  the  family  Treponemataceae  Robinson  1948 
of  the  order  Spirochaetales  Buchanan  1918. 
As  a  result  of  numerous  considerations,  the  hu¬ 
man-pathogenic  members  of  this  genus  were 
(and  still  are)  often  designated  by  different  names, 
such  as  Spirillum,  Spirochaeta,  Spiroeheta, 
Spirochaete,  Spironema,  Treponema,  Protomy- 
cetum,  and  others.  Practical  differentiation  of  the 
organisms  belonging  in  the  family  Tre|x>nema- 
laceae  was  suggested  bv  Davis  (95)  and  Hindle 
(157,  158,  159). 

The  classification  of  the  strains  within  the 
genus  Borrelia  is  greatly  hampered  by  their 
immunological  mutations  in  the  host  during  the 
bouts  of  relating  fever  (175),  and  also  under 
the  influence  of  other  environmental  factors 
(136),  including  the  seasons  (31).  Because  of  the 
close  relationship  of  arthropod  sjtecies  to  specific 
Borrelia  strains,  the  “one  vector-one  secies”  con¬ 
cept  has  been  develo|)ed,  and  numerous  authors 
(93,  96,  160,  167,  280)  have  strongly  advocated 
the  naming  of  borreliae  according  to  their 
vectors.  Since  louse-borne  strains  differ  from 
tick-borne  strains  not  only  epidemiologicallv  but 
also  in  animal  ex|*eriments,  the  presently  used 
separation  of  louse-home  and  tick-borne  re¬ 
lating  fever  has  l)oen  maintained  throughout 
this  report. 

Table  1  enumerates  the  rela(wing-fever  Bor¬ 
relia  strains  well  defined  at  present,  together  with 
their  tick  hosts.  Borreliae  causing  animal  dis¬ 
ease  only  am  not  included.  However,  strains 
suspected  of  being  the  causative  agents  of  human 
disease, although  they  have  not  been  fully  proved 
imthogenic  for  man,  are  listed. 

MmmioiooY 

Borreliae  are  usually  10  to  20  m  long  and  0.2 
to  0.3  p  wide,  but  their  length  can  range  from  8 
to  40  g  and  their  width  from  0.2  to  0.5  p  (15S, 
159).  They  have  3  to  6,  and  sometimes  even 
10,  spirals;  the  average  is  5  to  7.  The  amplitude 


of  the  spirals  or  “waves"  averages  1  p.  These 
measurements  are  highly  de|>endent  on  the  stain 
used  on  the  organisms.  The  strains  cannot  be 
differentiated  by  size  (247).  Manson  and  Thorn¬ 
ton  (200)  saw  predominantly  short  forms  in  East 
and  West  Africa;  Hindle  (159)  found  elongated 
borreliae  in  Central  Africa.  In  Indochina  (208) 
and  in  Addis  Ababa  during  the  Italian  occupa¬ 
tion  (259),  slender  as  well  as  very  short  forms 
were  recorded.  Just  before*  the  crisis  in  relating 
fever,  when  the  numl)er  of  borreliae  in  the  blood 
of  the  patient  decreases,  bizarre  forms  appear. 
These  forms  are  often  less  motile  and  accumulate 
in  rosettes,  owing  to  adhesin  activity  (vide  infra). 

Variations  in  morphology  often  apjiear  when 
the  organisms  are  transferred  to  a  heterologous 
animal.  One  strain  of  B.  recurrent w  showed 
abundant,  irregular,  bent,  ringlike,  small  and 
thin  forms  in  animals  infected  with  human  blood 
in  which  such  forms  were  not  seen  (271).  The 
morphology  of  borreliae  may  also  vary  during 
subsequent  attacks  in  the  same  patient  (269). 
These  morphological  changes  are  due  to  the 
action  of  antibodies. 

Borreliae  have  no  undulating  membrane,  but 
they  do  have  a  contractile  axia!  filament  of 
protoplasmic  nature  covered  by  a  |  priplast.  This 
filament  is  said  to  be  essential  for  the  jjenetrat- 
ing  ability  of  Borrelia.  Numerous  flagella  were 
observed  in  a  substrain  of  B.  novyi  which  had 
been  |>erpetuated  in  the  laboratory  for  many 
years,  the  origin  of  which  was  spurious  (190). 
Optical  microscopy  shows  only  one  short  termi¬ 
nal  filament  (158),  which  is  es|>erially  apparent 
after  division. 

Babudieri  (12,  13)  and  Babudieri  and  Boc- 
oiarelli  (15)  examined  B.  recurrentis  and  the 
novyi  strain  with  an  electron  microsco|>e.  They 
found  one  end  rounded  and  the  other  | stinted 
during  the  resting  stage.  The  protoplasm  was 
homogenous  with  few  vacuoles  and  granules. 
These  authors  did  not  see  an  axial  filament,  hut 
they  verified  the  presence  of  an  undulating 
membrane  along  the  entire*  length  of  the  orga¬ 
nisms;  this  membrane  could  be  ma<*crat<*d  into 
fibers.  Similar  structures  were*  seen  in  trypano¬ 
somata, 

Kawata  (173)  worked  with  B.  duttonii.  He  saw 
a  distinct  cell  membrane,  threadlike  fibrous  and 
granular  structures  similar  to  the  nuclear  api>a- 
ratus  of  Iwcteria,  and  dense*  areas  resembling 
nuclear  sites.  He  (174)  believed  that  B.  duttonii 
has  a  foamy  envelop*  which  is  dissolved  in  so¬ 
dium  deoxyeholate.  Kawata  oliserved  20  to  25 
fibrils  on  the  surface  of  the  cell  wall.  Electron 
microscopy  revealed  neither  mitochondria  nor  a 
limiting  membrane  lietween  the  cytoplasm  and 
the  nuclear  zone.  Isifgren  ami  Soule  (19*),  ex- 
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Tabi.e  1.  Horreliae  and  their  vector*" 


Group 

Rnrretid 

Vector 

Louse-borne 

B.  recurrentis  Lebert  1874 
(B.  obermeieri  Cohn  1875) 
i  B.  berbera  Sergent  and  Foley  1910] 

[B.  carleri  Mackie  1907| 

1 B.  novyi  Schellack  1907 J 

IB.  kochi  Now  11107  =  B.  rossi  Nuttal 
10081 

[B.  aegyptica]h 

• 

Pediculiis  hum  ana s  Linnaeus  1758 

Tick-borne 

P 

Ornithodorus'  Koch  1844 
((trnithodorosY 

B.  hispanica  de  Huen  11420 

0.  erraticiis  erraticu s  Lucas  1840 

\B.  hispanica  var.  maroccana  Breeze  114014) 

(“large”  form  of  0.  erraticiis ) 

[B,  hispanica  var.  mansiniria]1’ 

yO.  erraticiis  var.  maroccunusY’ 

(().  uiaroccaniis  Vela  1010) 

(0.  miliarisY 

B.  crocirhtrae  l>egcr  1017  group:' 

0.  erraticiis  sonrai  Savtet,  Marnette,  and 

B.  crocidurae  Leger  1017 

Nitowsky  1044 

B.  microti  llafyi  1047 

B.  meronesi  Blanc  and  Maurice  1047 

B.  dipoililli  Heist* h  1950 

(“small  form”  of  0.  erraticiis) 

H.  duttoni  Novv  and  Knapp  1000 

0.  moubata  Murray  1877  (at  least  four 
subtypes) 

().  savignyi  Avdoiti  1827'* 

B.  granigeri  Ileisch  1953“ 

0.  granigeri  Ileisch  1053 

B.  persica  1  ischunkowsky  1013 

().  tholozani  Latmulbcne  anti  Mcguin  1882' 

\B.  uzbekistana  Pikoul  1928! 

(.'>.  papillipes  Birula  1805) 

\B.  sogdiana  Nicolle  and  Anderson  1142S) 

(().  crossi  Brumpt  1020) 

|/4.  babtjlonensis  Br  nnpt  1030) 

|f>.  as  per  us  Warburton  1018  =  var. 

babylonensis] 

(0.  persepolensisY' 

IO.  piirlovskyi |* 

B .  latishenji  Sofiev  194  i 

().  tartnkorskyi  Olenev  1031 

O.  neerensis  PavlovskvB 

B.  ea>i cost co  Maravachvili  1045 

O.  rerninmiis  Olenev,  Zasukhin,  and  Fenik 
1034 

B.  tlirkinenica *•  ' 

O.  cholmlkorskyi  I’avlovskii  10)40 

B.  vc.y  - iielenst s  Brumpt  1021 

O.  rudis  Karsch  1880* 

(B.  htoyopiralis  Bates  and  SI.  John 

114221 

1.  Cuuamed 

(O.  renezuelensis  Brumpt  1021) 

2.  B.  niazzothi  Muzaotti  1953 

O.  tidaje  (iucrin  Mcnevillcl  184!*' 

B.  parkeri  lluvi*  1042 

(t.  parkeri  Cooley  10)40 

B.  luricatnr  Brumpt  1933 

<t.  turieata  Huge*  1870 

B.  heriusi  Davis  1042 

It.  hvrmsi  Wheeler,  Herms,  and  Mever  10)45 

B.  brasilirnsi s  1  lavi*  1052 

ft.  brasiliensis  Aragdo-Beaurepaire  102)4 

"  Naim**  enclosed  in  parent  Iicmc*  are  synonym*;  those  in  bracket*  art*  possibly  subspecies  but  prrhapn 
only  aynonym*. 

‘Description  not  i*lt>ar  enough  to  warrant  full  acceptance. 
f  Nomenclature  not  net  t  let! . 

4  Not  established  a*  via* tor. 

'  Probably  tin*  *ubty|H**. 

tO.  nnrrnsis  i*  al*o  *uppo*t*'l  to  carry  It.  Intishreyi . 

•  Pathogenicity  for  man  not  fully  i**tnbli*bi*il. 
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nmining  the  B.  nnt'yi,  found  smooth  cell  walls*  and 
a  granulated  or  motded  protoplasm;  jxiinteel 
tips,  sometimes  with  a  heavy  terminal  filament, 
were  frequently  seen.  Flagella-like  fibers,  swel¬ 
ling,  and  granulation  with  free  or  attaehed  heavy 
granules  were  produeed.  M filbert  CJ I0>  olise*rvexl 
a  fibrillar  band  eonsisting  of  IK  to  20  single 
fibrils  eonneeted  with  an  aetivator  membrane. 

These  findings  are  not  wholly  consistent  with 
observations  marie  under  an  optical  iiiierose*ei|x*, 
and  further  research  with  the  use  of  different 
strains  is  desirable. 

Borreliae  are  flexible  organisms.  Dobell  (I OK) 
l>ointed  out  that  anterioposterior  ] Hilarity  is 
completely  alisent  in  them,  ('onserptently,  move¬ 
ment  is  ]K)ssible  in  the  direction  of  either  end. 
Borreliae  move  back  and  forth  over  a  <listan<'e  of 
two  to  three  times  their  length.  Their  locomotion 
may  lx*  (I5K,  159)  (i)  cork-crew-like;  (ii)  wave¬ 
like,  forwards  and  I  wick  wards;  or  (iii)  by  lateral 
lx*nding  and  looping. 

Ackermann  and  Protasov  (1)  stated  that  the 
tyjx*  of  movement  de|x*nds  on  external  condi¬ 
tions.  In  guinea  pig  bkxxl,  their  Central  Asian 
strain  showed  ser|x*ntine  as  well  as  rotary  move¬ 
ment,  and  formed  rings  as  a  protective  measure. 

Apparently  the  movement  of  Ixirreliao,  like 
their  morphology,  may  vary  under  the  influence 
of  antibcxlies. 

Borreliae  multiply  by  transverse  division. 
During  this  process,  the  two  halves  lx*come  some¬ 
what  entwined  preparatory  to  final  separation 
(174),  which  may  give  the  impression  of  longi- 
Uiiliin-I  division.  The  division  takes  10  to  '5 
min.  Cnusually  long  forms,  sometimes  seen  in 
bkxxl  and  elescrilxxl  in  Central  African  reia|>sing 
fever  by  Hindle  (159),  are  the  result  of  end-to-end 
attachment  after  division.  During  fission,  the 
organism  constricts  in  the  middle,  and  the  |x*ri- 
plasf  can  lx*  sex-ii  as  a  threadlike  structure.  This 
structure  may  lx*  considered  a  flagellum  after 
th«>  prexx*s*  of  division  has  lx*en  completed. 

Borreliae  an*  se'elom  found  in  the  bkxxl  during 
intervals  Ix'tweeh  re*la|>se>s.  The  cerebrospinal 
fluid  remain*  infectious  in  ex|x*rimental  animals 
after  the  organisms  have  disap|x*aretl  from  the 
bkxxl.  Ixit  here,  as  in  ticks  ami  lice  during  the 
|x*riixl  when  Ixirre'liae*  an*  leaving  the  stomach  and 
reup|H*ar  in  the  celomic  cavity  (so-called  “nega¬ 
tive  phase"),  organisms  an*  seldom  oWrvexl. 
(i  rami  It-  of  unexplaimxi  origin  may  lx*  found  in 
Ixxly  fluids  and  some  organs  during  the  entire 
disease.  Thus,  thcori***  have  lx*en  published  in 
which  a  life  cycle  of  Borrrlin,  including  invisilde 
or  granular  forms,  was  i|e**crilxxl. 

So-eallexl  met  acyclic  forms  wen*  studied  by 
Baltatanl  et  al.  (23).  These  workers  suggested 
that  “invisibk*"  forms,  either  “filtrabk'”  or 
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“granular,”  circulate  in  the  bkxxl  (2K).  Chorine 
et  al.  (77)  found  only  a  few  small,  coecoid  or 
granular  forms  of  Borrelia  passing  through  Ixte- 
tcriologieal  filters.  Perhaps  granular  and  small 
forms  (including  bagmen* *)  pas*  through  filters 
when  the  pressure  is  high  enough,  but  the  exist¬ 
ence  of  filtrabk*  or  invisible  forms  of  Borrrlin 
has  not  lx*en  proved  as  yet. 

When  Ixirreliae  break  off  into  smaller  forms 
during  the  crisis  of  an  attack,  degenerative  frag¬ 
ments  and  granules  can  lx*  seen  (2K7).  Johnstone 
(167)  classifies!  granules  into  two  grou(>x:  one 
group  representing  part  of  the  life  cycle  of  Bor¬ 
relia,  and  the  other  originating  from  a  degenera¬ 
tive  process.  Burgdorfer  (5K),  working  with 
Omithodorus  moubata,  found  a  reduction  in  size 
of  Ixirreliae  in  passage*,  but  he  could  not  confirm 
their  role  in  a  sup|xtscd  life  cycle.  Heisch  et  al. 
(I4K,  149,  153)  ol (served  coarse*,  irre*gular,  struc- 
tureless  granules  in  lie*e,  which  e*eiukl  neit  lx*  p reived 
to  lx*  a  developmental  stage*  but  line!  to  lx*  exm- 
sielered  breakdown  prexlue-ts. 

Borreliae*  certainly  unelergei  morphological 
variations,  but  it  is  e|Ue*stionable*  whe*ther  the*y 
have  a  life*  e*ye*k*  whie-h  include**  atypieal  ami 
granular  forms.  Fluein*se*e*ne*e  mie*rosixipy  |x*rmits 
oliservation  eif  granular  feinns,  whie-h  ap|xar  :•» 
lx*  breakdown  prexlucts  and  inveilution  forn.c 
rathe*r  than  evolutionary  stage**  (Felse*nfe*l*l, 
unpublished  data). 

Staining 

Borreliae*  can  lx*  stained  with  practically  any 
aniline  elve  (59),  but  ae*iel  elye*s  are*  most  effex*- 
tive  (2K5).  Du  (109)  ek*he*mogleibinized  the  slides 
with  6' ,  aertic  ae*id  in  95' ,  ethyl  ak-eilml  for  5  sex*; 
he  them  stainexl  the*m  with  e*arlxil  fuehsin  feir  1 
min.  This  is  a  simple  prexxxlure*  anel  is  fe*asil>le 
alsei  feir  thick  sme*ars. 

Silve*r  stains  are-  not  e*asy  to  use*,  and  the*re* 
is  a  dange*r  of  pivcipitations  whie-h  may  lx*  mix- 
inte*rpre*texl  a*  granular  fonns.  Morexive*r,  silver 
impri’giiatieui  change**  the  morphology  eif  the* 
organisms. 

Keiutine*  bkxxl  stains  ((iie*m*a,  Homamiwski, 
Wright,  Irishman)  are*  ofte*n  usexl.  Prokmgexl 
staining  is  rcex»iume*nelexl. 

Ceik*s  (K4)  also  rexximme*mkxi  a  prukuigexl 
(12  to  4k  hr)  staining  eif  air-elriexl  amt  ethyl 
almhol-fixexl  sme*ars.  Afte*r  washing  off  the* 
(•iemsa  stain,  orange*  tannin  wa-  |xiurex|  on  the* 
slide**  for  15  min,  for  eliffe*n*ntiatiou.  A  filial 
washing  feilkiwexl. 

Our  met  hex  I  (Fe*lse*nfe‘kl,  unpublished  data) 
ex  insist*  of  staining  with  Wright'*  stain  fotkiwrel 
by  the*  application  of  a  1 ' ,  crystal  viok*t  solution 
for  10  to  30  *ex*. 
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Vagn  (275)  intrrxluccd  Mercttmehnonic  in  the 
stuining  of  Borrelin.  Mereurochronu*  alone  docs 
nol  .->tain  inlrasiveiv  enough  and  U  not  taken  up 
uniformly  hv  the  organism*  in  the  presence  of 
scrum. 

Young  (295),  in  an  effort  to  avoid  distortion 
of  the  organisms  due  to  fixation,  stained  the 
organisms  for  3  min  with  a  concentrated  aqueous 
solution  of  Mcrcurochromc,  rinsed  them  with 
distilled  water,  applied  concentrated  aqueous 
methyl  violet,  washrxl  them  with  distilled  water, 
and  air-dried  the  smears. 

A  method  for  concentrating  Ixirreliac  was  rlc- 
scrilred  by  Simons  (261).  It  is  f rased  on  the  olrser- 
vation  thnt  Ixirreliac  are  not  dissolved  by  10% 
bile  for  several  weeks.  Thus,  2  ml  of  10%  sodium 
taurocholatr*  in  saline  wen*  mixed  with  1  ml  of 
saturated  methylene  blue  in  saline.  This  mixture 
will  keep  for  alxiut  I  month.  Two  to  four  loopfuls 
of  this  solution  were  added  to  an  equal  amount  of 
blood,  and  a  smear  was  marie  and  covered  with 
a  cover  slip.  To  examine  larger  amounts  of  blrxxl, 
to  each  2  ml  of  hliHxl  I  ml  of  sodium  citrate  solu¬ 
tion  and  0.5  ml  of  the  taurocholatr*  solution 
were  nrldi-d,  the  mixture  was  centrifuged,  and 
the  sediment  was  examined  with  dark-field  optics. 

If  lot’ll  KMIaTKY 

Horrelsne  always  move  to  the  cathode  in  an 
electrophoretic  apparatus  (120).  Ilorrcliae,  al¬ 
though  often  considered  relatives  of  7V///xiwo - 
town,  differ  fiom  the  latter  by  not  utilizing 
oxygen.  Oxygen,  however,  is  not  toxic  for  lx»r- 
reliae  (1 19,  200),  'Hie  utilization  of  dextrose  was 
found  to  lx*  glycolytic,  its  extent  de|s*nding  on 
the  mimlx*r  of  Ixirreliac  (119).  Cell-free  extracts 
nn«l  homogenates  showed  enzymes  of  the  Kmb- 
dcnMeyerhof  pathway  of  glycolysis  (122),  B. 
nort/i  utilizer!  large  amounts  of  dextrose  at  37  C; 
alxiut  05%  accumulated  as  lactic  acid  and  alxiut 
10%  was  oxidized  completely  to  carlxin  dioxide 
nod  water  (200,  25-3). 

H»>|sTA.\t*K 

In  wet  preparations,  sealed  with  a  cover 
gla«s,  Ixirreliac  survive  for  alxiut  1  rlay  at  nxmi 
tein|x*rature.  Hindle  (I5S,  159)  stated  that  known 
human  t»athr»genic  Ixirreliac  were  killed  when 
cxfxiserl  to  50  C  for  30  min.  'Hie  organisms  remain 
alive  in  citrater!  blrxxl  for  3  months  at  0  to  2  C*. 
Cent  ml  Asian  strains  lived  as  long  as  100  days, 
1st!  their  nntnfx*r  divieases  progressively  during 
this  |x*rirxl.  Heck  (34)  observed  the  survival  r»f 
Californian  strains  in  refrigeratrrl  sheep  blrxxl  for 
195  days  hit  in  frozen  (issue  only  for  a  few  days, 
ttourgnin  (49,  50)  worker!  with  B.  i>rr*ira.  Hi* 
si  rain  remained  alive  for  19  days  al  4  C,  7  days 


at  !  I  to  15  C,  anrl  4  days  at  37  C.  In  isolated 
organs,  it  survived  for  7  days  at  0  to  8  0,  but  in 
earlavers  ke|>t  at  room  tem|x*rature  it  survived 
for  only  4  days.  The  strain  died,  however,  at 
— 15  or  —20  C  within  2  days.  On  the  other  hand, 
Wcyer  ar.tl  Mrxisor  (288)  werr*  able  to  keep  several 
Borrelia  strains  alive  for  1  year  at  —72  C. 
Freezing  anrl  thawing  the  organisms  three  or  more 
times  destroyed  them  (197).  These  findings  show 
the  great  variability  of  the  survival  time  of  bor- 
reliae. 

Ilorrcliae  cannot  withstand  desiccation,  Ixit 
light  used  tr>  illuminate  lalxiratnries  rlrx*s  nr»t 
affect  them  (159).  Itorreliae  survive  lx*tter  in  a 
slightly  alkaline  environment  (179),  anrl  they 
arc  susceptible  to  many  chemical  agents. 

Sulfonamides  tested  aguinsr  B.  rerurrenti *  in 
rats  proved  ineffective  (164).  Only  a  feeble  re- 
sjxrnse  was  noted  when  |M*nieillin  was  user!  against 
the  B.  norj/i  in  rats  (88).  There  was  no  synergism 
against  B.  dutlonii  in  mire  lx*twr*en  the  arsenical.*, 
which  were  widely  used  in  the  preantibiotic  era, 
and  |x*nieillin  (68).  Combi  nations  of  |x*nieillin 
anrl  streptomycin  did  not  destroy  It.  dutlonii  in 
mite  (37).  However,  large  doses  of  streptomycin 
were  effective  against  the  same  organism  in  rats 
(193). 

Streptomycin  and  chloramphenicol  had  some 
effect,  anrl  neomycin  gave  excellent  results  in 
ex|H*rimcnts  with  B.  noryi  (1 16,  117).  In  guinea 
pigs  infeeted  with  B.  hinpanirn,  chloramphenicol 
was  effective,  eh lortct racy cline  gave  excellent 
results,  anrl  oxy tetracycline  was  the  most  ef¬ 
ficacious  (6.3).  Iti  mice  infected  with  B.  noryi, 
five  times  greater  doses  r>f  chlortctraeyeline  Imrl 
tr»  lx*  given  orally  than  intru-nlxlominnlly  to 
effect  cure  (144).  Oxy  tetracycline  rpiieklv  elr*arr*rl 
1  he  blrxxl  of  rats  infr*etr*rl  with  B.  dutlonii,  'out 
brain  infer’tirm  anrl  relnt>ses  were  nr>t  preventer! 
(152);  chlortctraeyeline,  given  prophylactically. 
tlelnverl  but  tlitl  not  prevent  disease  (151).  The 
lack  of  prophylactic  value  of  oxy  tetracycline  in 
rats  with  B.  pemea  was  also  oliserverl  bv  Adler 
et  al.  (6),  who  emphasized  the  t  hero  |x*u  tic 
efficacy  of  this  antibiotic. 

Tetracycline  killed  Ixirreliac  when  given  early 
in  B.  hupanirn  anrl  B.  rerurrenti *  infections  (105). 
\\  ilh  Central  Asian  strains,  allximyrin  was  found 
lr*  lx*  a  highly  active  thcrnfxuitit*  agent  (27S). 

Discrepancies  in  pharmacological  n*|xirts  may 
lx*  due  to  strain  vurianeeanrl  to  the  fact  that  some 
authors  consider  the  tlisap|x*arnnec  of  thrborrel- 
iar;  the  criterion  of  thern|x*utie  suree**,  whr*n*as 
others  regard  the  immobilization  of  thr*se  orga¬ 
nisms  as  evidence  r»f  suer*r*ss.  The  mode  of  action 
of  nntilriotirs  on  Borrrlio  lias  not  Ixvn  explored 
a*  yet,  nor  has  the  influence  of  such  agents  on 
the  formation  of  nntilxxlics  b.*rn  investigated. 
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CVLTl'RK  MKTtlOlM 
In  Vitro 

None  of  the  culture  method*  tested  has 
assured  the  multiplication  of  Borrtlia.  Present 
methods  are  designed  to  maintain  the  organisms 
alive  rather  than  to  grow  liorreliae. 

Of  the  many  media  recommended,  the  follow¬ 
ing  are  of  interest . 

Chorine  and  Orougue  (76)  mixed  jieptonc, 
water,  fresh  rabbit  serum,  and  laked  or  dc- 
fibrinated  human  blood.  At  2K  to  30  (\  slow 
growth  was  observed  in  this  fluid. 

Wolman  and  Wolman  (293)  coagulated  I  ml  of 
egg  albumin  at  SO  C  in  culture  tubes,  and  added 
10  ml  of  a  mixture  consisting  of  1  part  human 
ascitic  fluid,  I  part  buffer  solution  (pH  7.8), 
2  parts  saline,  and  I  |>art  1 ' ,  dextrose.  Liquid 
paraffin  was  added  to  cover  the  medium.  Heating 
at  56  C  for  1  hr  each  day  for  3  consecutive  days 
was  used  for  sterilisation.  B.  rtcurrtnlia  survived 
in  this  medium  for  8  months  at  0  to  12  C.  At 
42  to  45  C.  'he  organisms  still  remained  active, 
Imt  they  lost  their  virulence  for  animals  when 
kept  at  higher  teuqieratures.  Borrtlia  strains 
collected  in  Abyssinia  from  patient*  with  severe 
illness  survived  even  longer  in  this  medium. 

>n  ikte  toping  Chirk  Embryo* 

Chabaud  (60),  in  ex|ieriments  with  R.  duttonii, 
used  defibrinated  blood  and  inoculated  the 
chorioallantoic  membrane  of  4-  to  5-day -old  eggs. 
The  embryos  died  on  the  6th  or  7th  day  after 
inoculation.  The  survival  time  was  reduced  to 
40  hr  after  re|icated  egg-to-egg  imssagcs. 
Chid >uu<l  also  found  that  defilrinatcd  blood 
gave  better  results  than  cit rated  iikssl. 

Oag  (225,  226)  did  not  olwrve  changes  in  the 
clwirioallantoic  mcmlrnm*  with  his  strain  of  R. 
•hiMoHti,  awl  the  cmlryt"  stayed  alive.  Serial 
passage  increased  the  motility  lait  wit  the  viru- 
lenee  of  tlw*  strain.  Ilorreliae  ap|  wared  in  the  bk**l 
of  tlw  chicks  if  the  etnliryo  wa*  inlccted  2  to  3 
•lays  More  batching,  awl  circulated  in  the 
chicken  for  aMit  5  days.  They  disatqicarcd,  how¬ 
ever,  within  hour*  from  tlw  Idood  of  chick»  wwlv 
hatched  from  Rornlia  fret*  eggs  when  iwwulatisi 
with  R.  duttonii  after  hatching,  lilts  is  in  accord¬ 
ance  with  the  olwervattoii*  of  Itodhain  awl  van 
ilen  Iterghe  (2461,  who  *tatc«l  that  Hamlin 
strains,  stwh  a*  R  gollinarum.  growing  in  adult 
fowl,  «lo  wit  multiply  in  the  ilevdoping  chick 
emorvo  awl  vice  versa. 

Itajramova  (16)  rejsirtcd  mutts,  in  culturing 
tick-home  A'ian  Umeliae  in  developing  chick 
end  ryes. 

Oku  (73l  iw«-ulatcd  R  nrumntu  into  the 
yolk  «ac  of  i|evelo|iing  chick  cmlwyo*.  llw  mav 


.*>1 

imal  number  of  borreliai'  was  ohserved  5  days 
after  inoculation.  When  the  embryos  died,  the 
liorreliae  disintegrated. 

Hallauer  and  Kuhn  (143)  worked  with  a 
Kurojiean  strain  of  B.  rerurrtntu *;  C  to  10-day- 
old  eggs  were  used.  The  organisms  apjieared  in 
the  hkiori  of  the  embryos  in  2  to  3  days,  awl  the 
embryos  died  in  3  to  5  days.  No  kiss  of  virulence 
was  ntiserved  in  35  |iassages.  Hianrhi  (36)  ole 
tained  similar  result*. 

In  ex|ieriments  with  B.  nrurrenti*  from  the 
1943-1945  epidemic  in  North  Africa,  llakiaet 
(18)  encountered  difficulties  in  establishing  awl 
liassaging  this  strain,  but  final  results  were  satis¬ 
factory.  The  liorreliae  showed  degenerative 
changes  awl  lost  their  |iathogcnicity  for  inicc 
during  egg  passage.  A  mixture  of  allantoic  fluid, 
embryo  bkmd,  ami  some  citrate  was  used  to 
pro|iagate  the  strain  from  egg  to  egg.  The  orga¬ 
nisms  apiiearrd  in  the  bkmd  of  tlw*  chick  embryos 
3  to  4  days  alter  imieulation. 

Thus,  significant  differences  were  »l  »erved  in 
the  growth  of  Borrtlia  in  devekiping  rhiek  em¬ 
bryos.  The  age  of  the  egg  to  lie  inoculated,  the 
mode  of  imieulation,  and  the  optimal  incubation 
tenqierature  remain  to  he  established  for  many 
strains. 

Rrrncrration  of  Borrtliae  in  Rodent* 

Panqiana  (227)  described  an  efficient  method 
for  the  use  of  lalioratory  animal  Irain*  for  the 
preservation  of  Borrtlia.  Within  2  to  6  months 
after  infect  hut,  dc| lending  on  the  strain,  the 
guinea  pigs  were  kilkd  with  chkiroform.  The 
brains  were  washed  with  salim*.  emulsified,  awl 
injected  intra|M>ritom<ally  or  suU  utamsHisly  into 
fresh  guinea  pigs.  The  incubation  time  was  6 
to  12  days,  or  sometimes  kuigrr.  H.  hiapanim 
could  Ir  recovered  fnun  Irain*  of  the  infected 
guim-a  pigs  for  at  k*ast  2.5  month*  (252),  awl 
often  after  3  years  (257).  ( lumen  pigs  ran  be  uml 
only  for  the  maintenance  of  uorreliae  to  which 
they  are  *u*ceptihle  I >ut  which  do  md  rau-e 
fatal  disease  in  them.  Guinea  |«gs  an*  unreliable 
for  the  (reservation  of  R  pmirn.  This  organism 
may  survive  in  the  guinea  |ag  twain  for  222  days 
or  may  dt«apj»*ar  aftrr  45  »lav*.  Variations  among 
sjwcies  are  nmsidenihlr  (236).  R  hiapanim 
wa«  fouwl  alive  in  rat  (wain*  after  17  month*. 
Hal*,  bowc-cr.  were  mil  feasible  for  survival 
ev|«*rimeni»  with  the  Manchurian  strain*  of 
R.  nrnmnli a  (270).  Uorreliae  do  not  survive 
kmg  in  mow**  train*  (27t». 

The  met  hi  si  of  ftorrrtia  pre-cry  at  km  has  to  Is* 
tested  with  eaeb  individual  organism  awl  in 
each  animal  colony  before  it  can  Is*  usd  for 
irvtical  |sin*t«r». 
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Hrmrmlion  of  HorrtHar  in  Tirk * 

The  long  lift*  *|wm  of  tick;*  predestinates  them 
for  tw  a*  lalioratory  media  for  the  maintenance 
of  Honrlia.  ().  thotozani,  for  example,  may  live 
a*  long  a*  25  year*.  ami  was  aide  to  transmit 
Horrrlia  after  12  years  (231).  Fasting  nymphs  re¬ 
mained  infective  for  10  years  (51).  0.  thotoznni 
was  foiiml  feasilde  also  for  the  maintenam**  of 
(Vntral  Asian  Hornlin  strains  (22*).  <).  rrratiru * 
ran  I*-  lists  I  for  the  preservation  of  H.  hupnnira 
even  at  5  to  7  (’  for  many  weeks  (54).  O.  Inrirntn, 
starvisl  for  5  years,  was  still  aide  to  transmit 
H.  tiirirntae. 

However,  not  all  mrmlwrs  of  a  tick  colony  an* 
npially  susrrptlldc  to  Hornlin  infestations.  'Dhw 
is  also  a  ts-rtain  mortality  in  m*rv  tick  colony. 
Nevertheless,  this  iih-iIkmI  is  most  ft*a.«ilde  for 
tin-  preservation  of  several  Hornlin  strains  in 
the  laboratory. 

if 1 : LaTI< IN  sit  I H  or  I  loHKU.lt  t.  To  TlIKIK 
IvsKT  VkToHs 

l.if. 

The  human  hnw,  l‘nHr»l>i*  pttlit  utu*  kiimami*, 
is  the  transmitting  agent  of  H.  nrumnli*.  While 
tnitli  var.  trtlimtnli  ami  var.  cupiii*  proved  to  lie 
effective  transmitters  of  H.  nrurnnti *,  the  eral» 
or  |wil>ie  louse  (Hhtkirn*  pnhi»)  is  not  a  vector 
(Ml.  72.  I«2). 

Lice  are  more  easily  transfernsl  (rum  mall  to 
nuiu  during  the  winter,  Iwrause  they  prevail  in 
Iw-avilv  elothisl  iwsiple.  Thus,  in  hut  ami  humid 
Central  Africa  the  naked  iiiludwtaiit*  t-sent*- 
liis*.  When  teni|ierature  ami  moi'ture  sur)wi" 
tin-  optimuiu  for  lire,  the  mobility  of  tliese  in 
seels  is  reduced.  They  Say  eggs  ami  w*|>aralc  fnwn 
man:  then  they  U*cm  to  die. 

One  louse  tabs,  up  alanit  I  mg  of  ldt*nl  at  one 
(ceding  (00).  Ileiseh  et  ai.  1 155)  foiiml  that  this 
meal  has  to  contain  at  lea«t  om*  or  two  lawTeliae 
|>er  oil  iinmerston  field  to  la*  infective.  Thus,  lire 
will  seldom  l»*eome  infected  durng  remission* 
when  few  or  m»  horrvhae  circulate  in  thr  IJoisl. 
Only  aUwit  12  to  17*.  of  the  lice  fed  on  |«iii*iti> 
during  an  attack  of  relapsing  fever  transmitted 
the  dw**sr  (222.  22 3; 

The  ImtHiw  enter  the  midgut  of  (he  louse. 
Mechanical  transfer  of  Uwtehae  by  lou*e  late  or 
In-  Vwtse  free*  t«  (■»**iMc  only  within  a  few  hour* 
after  (ceding  on  infertrd  |»*rsn*  Mam  of  the 
ingrsted  (toro-liar  |«*mh  in  the  |ou*e  'Hir-tr  rate 
>4  survival  t«  |«r»»t»irtt«nale  to  their  n'  .iann-  to 
the  digestive  juir-rs  <4  the  l*w  ;.l*i  fhr  re 
maininc  lonrlbr  Jo*e  their  tmUilitt .  are)  <l»»a|« 
l«*ar  fnwn  thr  gut  in  aUwit  I  ihv.  \  ‘nreiitu- 
|4ia«e“  c«sue«  ilimni  sliidi  the  lawn-liar  an* 
present  a«  granulrs.  which  can  lr  di'Ungui-Jird 


with  the  aid  of  fltwtvsceiice microscopy  (Fclsen- 
feld,  nn[>itbli*lir<l  ilatn ).  At  the  eml  of  thr*  ‘nega- 
five  phase,”  which  lasts  5  to  tl  days,  short,  cork¬ 
screw- like  metacyclic  forms  are  oliserved  in  the 
celomic  ra\ ity  of  the  louse  (22,  21,  152).  ‘Hits 
cavity  ha*  no  connection  with  the  gut;  thus,  the 
Uirreliae  are  not  foiiml  in  t1  feces.  Itonvliac 
multiply  in  the  celomic  fluid  Iwit  do  mil  enter  the 
salivary  glands,  salivary  duets,  ovaries,  or  cuts 
(152).  Henwlitary  pni|iagatioii  of  the  Imrrcliac  in 
lice  is  most  unlikely.  Horn-lint*  arc  not  injected 
into  human  lieings  with  tin-  lute  of  the  infected 
lice  after  the  organisms  have  reached  the  celomic 
cavity.  Lice  an*  very  delicate.  Antennae  ami  legs 
an*  easily  Imikeit  off,  |w*nnitting  the  celomic 
fluid  containing  Uureliae  to  rmitaminate  the 
site  of  the  Idle.  'IIh*  lou*w*  must  In*  cru-hcd  or 
mutilateti  to  transfer  the  infection  (iXi).  It  i> 
Iwlieveti  tliat  most  Iwirrcliac  ran  cause  infection  l»y 
I w*m*t rating  thnnigh  small  alira»ioii»  of  the  skin 
and  of  flu*  intestinal  tract,  or  even  through  the 
intact  mticusa  (51,  ivl,  IMP. 

After  infestation,  the  louse  n*tnains  infectious 
from  tlw*  last  day*  of  tlw*  “negative  |4iasc“  to 
alwiiit  2  week*,  or  its  entin*  lifetime,  which  is 
27  to  5t)  days.  'Hu*  cycle  of  Imirrliac  in  lice  varies 
with  the  tein|H*ratnn*  of  die  environment  (21). 

(larnham  el  al.  ( I2M  m*otiiiiM*mk**-l  division 
of  the  strain*  of  H.  nrurnnti*  into  two  «ul>gnHi|>s 
according  to  their  Iwhavior  in  lire:  (i)  long  nega¬ 
tive  |dut*c  in  the  louse  (Kun>|w*au.  North  African, 
ami  Kenya  strains)  ami  (ii)  no,  or  tract  iralty  no. 
m*gative  |>ha«c  in  the  louse  (A>ty**inian  ami 
Chinese  strains!. 

1  A|w*rimrnt'  wilh  Inosc-lwirtM*  n*la|*»ing  lexer 
an*  ham|w*m|  by  tlw*  unwillingness  of  human  tin* 
to  Iwte  rradily  animals  other  titan  monkey*  (-15). 
It  is  |>(»il4i',  however.  to  feeil  tlu-ni  on  yming 
nwleiit'  (95l.  Fettling  c\|w*rinw-nt*  have  Iren 
lew  in  the  iimt  ami  did  m*t  im  !mle  a  significant 
nunilwr  «4  rodetit  »|«vir*,  which  an*  natural 
ho*(»  i4  Horn lut  ra try  ing  ticks.  7H«h  rxper. 
merits  muld  |w*  hc||4ul  f«w  the  elucidation  <4  ihc 
jaassdwlity  t4  a  wider  tran-nii**iiin  rin-k-  <4  H 
rrrurrrnfu  tlian  that  »4  man  kwiscman 

Numerous  alirmpl*  ha»c  low  ma*le  to  H#l> 
li*h  til  her  liortvltae  than  H  nrurnnti*  in  Irv 
\i*w*t  atwl  A*hl«l  (It  fottml  that  l»«t*  ran  In* mr 
infeslrtj  with  H  prr*H •»  Iwit  lose  them  in  alanit 
lttila\s.  H  fmr*nu  wa»  m>«  taken  up  In  Im*  inwn 
mleclrsl  mall  in  other  i-\|»-nnwrnt«  when  the 
riltialiin  strain  «4  H  j«nir«  wa*  iis*l  The 
T«dwiik  slram*  dt»a|>|enr»s|  ft  wn  Is*-  m  2  «lat» 
till  Netliirt  wa«  *h«-  kiti**-  h«*tWlalitr  l.-i  the 
Kashmir  strain  •*!  H  p* ot-  «-*  1 212 1  ft  ■  nrolsnc 
ami  ft  krcpuMKo  w»-re  taken  up  b>  l»T  with  a 
long  i  111  to  12  <lat  lairni"  ■«  "nr©iitr  |4»a*e'' 
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Iiitrlmr  H.  hix/mnira  ami  l*elievi*d  that  a  man* 
Imt-e  n-M-rvoir  of  thi-  Horrtlin  may  e\i-t .  S]«r 
n>vv  (2IW)  al«)  -ueiveded  in  adapting  H.  hix/mnim 
lo  lice;  however,  her  -un*e—  wa»  w  it li 

one  strain  which  *4**'  con-iden*d  a  niulanl. 

Many  orgaui-m-  of  H.  •••Htonii  wen*  dc-t  roved 
in  the  -lomarli  of  lire,  Imt  lln*e  c-eapilig  mto 
tlie  rchimir  envity  liveil  ami  niiiitiplh*d  (147). 

It  ‘tint*  that  H.  kixftnnim,  H  Hiilimtii,  ami 
the  Utrreliae  of  the  rmrhlunir  -nlrgnitip  h.-eonn- 
k>tt-cdionic  more  easily  than  doc-  H  hix/ntnirn. 
'Hie  environmental  trm|x*ratiin*  «ii,m»  to  affect 
tin*  print—  of  a'laptatiott.  Thu*,  at  IW  C  Imr 
reliae  of  the  rn*t'*diin»c  -ultgnmp.  I»»rne  l*y  it 
irrnlirn x  xonrni .  wen*  ea»ily  c-taNi*hcd  in  Indy 
lire  hv  llain-rkorn  (I42l. 

ih  •i-cli  ami  (tarnliam  <149;  experimented  with 
iiii*  from  an  an*a  which  wa-  fn*e  from  n*la|i-ing 
fever  (Xairnld)  ae  I  iel  tl»*m  feed  on  monkey* 
infected  with  an  Ka**t  Afriean  -train  of  H  Hut 
tonii.  Tin*  liia*  li  t-ainc  illf**cliou-  on  tin*  ath  to  the 
7th  day.  Imt  liorn-liae  could  m>t  l»*  -#•*•«»  in  them 
for  10  day  'Hie*  ‘’negative  |*h»-e”  wa-  k— 
definitive  than  ill  H.  rrrnrrtnlix  inflation**.  l.iif 
itmld  tran-mit  H.  Huttonii  to  hnlei*h<«',  miia*. 
rat-,  ami  monkey-  in  tin*  ktUmtlnry.  Them* 
author-  found  hut-  in  whieh  the  iuliaNtanl-  were 
infe-tial  with  lit-**  tarrying  H.  Huttonii.  "Hie  -aim- 
hut-  wen*  al-o  infe-tnl  with  it.  wwtbMi,  tin* 
natural  carrier  of  H.  Huttonii  No  •  liange-  in  the 
phy-iology  of  thi-  Horrtlin  wife  olt-crved  in  the 
lit-*-.  The-** author-,  however,  da!  #**»!  fiml  cvitlcnre 
for  the  mutation  id  H  Huttonii  into  H  rrrurrt niix. 

Th'-  monkey  fou-e  (1‘rHirtnux  longittft* t  i-  a 
good  Im*-I  for  H  Huttonii.  ‘|1»»-  Harr  fir  may  U- 
tran-ferretl  from  monkey  to  monkey  hv  /' 
langur [t*  tl4*V>. 

It  -cent-  tliat  lit**  may  al-t>  earn  tmrndiac 
oilier  than  H.  nrurnnti*.  twit  the  mill  allot)  of 
-u«*h  -tram-  into  cimktnic  -Iram-  ha-  not  l*-er» 
ofa-erveil  a*  yet.  The  antigentr  fatality  ot  t**r 
rrtiae  *n  in-evt*  «-  lr»-  than  in  man  am!  ammah 
Thi-  may  evjdain  the  -talwhlv  ot  the  I*  wrrliac 
olxerVrd  m  the-*-  cvpenmrnt*  I',  mutation  take- 
|Jare.  il  r-  |w«4«il4y  thi-  re-utl  of  re|*-ated  "man 
to  km-e  to  man"  ryrlr-  Mthnugh  tht-  »«  a  dt* 
i uiet  |*DMilwtit\ .  to  my  knowte-ige  >l  ha-  not  Iw-cn 
>lr-*  rit*-l  a-  Vet 

m* 

T>ek-  |«ufcieilin:  human  irh|»W(  le»«r  l»- 
kuig  thr  \l*a«*|r-,  WO-r  t>»  the  Iviwlldc- 
Ttwoe  ot  intere-l  in  Hnrrrtm  t  tan-rm— »*n  have 
Irr*  h-tr-l  ■*  ih-rti—r-l  l*\  \re»-lix  i7>.  Vrthur 
t9».  Itaker  amt  \Vha't**n  tlT‘.  t  ,»4ev  tw.V. 
t‘i«4rv  atld  K>*hh  I*»VI-  tWl,  |k-|.<tr- 

,*rwl  t  ami*ana  H04>.  I.msk  ami  tlntim-r  ill.l-. 
f  ialue>  1 1?4>.  ami  IIh^umI  *  tfit , 


Tick-  live  ill  hirrow-  *•!  r»l<*t»|.  atel  «»tl«  -r 
animal-,  in  eave-  fc-pccialy  lie*-**  in  whieh  guano 
i-  pn-ent).  in  diigoiit-  and  Irem-he*  infe-te  l  wjlh 
nwleni-.  atel  in  hum*:1  an  I  a'linnl  hdiitat-  with 
mud  Door-.  Some  feed  on  nnimal-,  iirlmlin;  unit, 
indi-i'rimiieilely;  .»iin*r-  Idle  only  oa  *  or  a  few 
»|ii*'*ii*-.  The  feedint:  take-  altmt  2  •  >  •  *'f  t  min. 
or  I  hr  or  longer,  a  -fording  the  -|w*eie-  of 
tin*  tiek.  Shim*  jin  dim*  lord  a’lalge-ia,  vherea* 
llw*  Idle  of  otlH'l-  i-  Very  jiiiillful.  I'll' r-c  liek- 
whir, i  an*  veetor-  of  rela|>-ing  fever  orgjini-m- 
aitaeh  them-i  lvi*-  to  their  lio-t-  *or  only  a  -hurl 
time,  ii-ually  lor  k*->  that!  I  hr,  an  I  their 
i-  »e|i loin  |Kimfid.  Some  of  them  are  nulit 
h**-k*r-  Wlierea-  lie*  have  l>  h*  eril-lle  I  I* 
Irnn-fer  Itnrrtlvt.  tiek-  do  n  >1.  arid  a  -i  gle 
ifMlivHlual  may  in>eet  a  different  j«er-«»n  or  animal 
at  ea*  h  fn-lmg. 

liek-  may  take  up  Miwwl  erpial  I**  two  t  *  $i\ 
t inn—  their  own  weight.  While  they  an*  feeding, 
-aliva  reach*-  !*n*  i-apillarie*  ojwne-l  in  tin*  Idle. 
Toward  the  end  of  the  Isa- ling,  the  eoiitenl-  of 
tin-  gut  an*  evaciiatial.  Many  In  k-  evrele  eo\al 
gland  fluid  at  the  end  of  the  feeding  Thi*  ro\al 
fludl  may  U*  qiiite  voliiniitHMi*,  or  only  a  drop, 
or  may  not  ap|»*ar  et  all  whik*  tin*  tiek  i-  in  roll 
tael  with  it*  ho-t. 

IIh*  horreliae  are  j*a"«-l  to  the  egg-  of  tin- 
mf*a*ti-l  femak*  tiek.  Iwil  not  all  larvae  will  h* 
infi-*ted  (5).  Neverihek— .  'hi-  create-  a  n-wrvoir 
of  Horrtlin  in  tin*  lick  |w>|)iiL«iion.  The  range  of 
trau-ovririan  pn»i*agati«*ii  vari*-»  with  tlu*  *jitrii- 
*d  the  tick:  from  11.29',  in  It.  h-rwxi  to  ItRI* ,  i*i 
().  turirntn  fftoi 

A  hrief  idiaractcri*ate»n  of  tiek-  *»!  known 
U»i|»»rtan*a-  in  llw*  proj  igatH>n  ot  ri*la|>-ing  fever 
f«>lk>w-. 

It.  trentu  ut  trrntn  ux.  llw  "larg**  t»|w’  «*♦  It 
rrmtirux,  i-  the  vrehw  id  H  A i* f**» « im  II  i- 
romnw-n  in  Afar#  Iront  1  gan* la  to  the  \h-htet 
ranran.  ni*parent!v  having  loik>wi-l  th<*  )>ath  **) 
tin-  \h-k-m  mwjiie»i  It  live-  with  Iwirrowmg 
mammal*  ami  mu-  lie  larva*  tia-i  on  rmk'nl- 
and  -ome  repiik-.  Imt  m-dv  i*iuniinl>r  man  (hi, 
W‘hi-n  mammal-  are  no!  availafde.  it  will  fwte 
ami  lr«*g»  It.  trnttnu*  tiarh  for  miiv  l.*>  t-> 
J1  mm, 

H  kixfntntra  imdmle-  -rich  -Iram-  a-  the  \fonw 
tan  i  IP*,  ihe  |\«ttiji»-r  ,2u-.  th*-  |VI**)»*m--»- 
lirni  ami  th*-  Xormamltah  iSiuuh 

Tum-tai  ;2Al>  -uam*  \lviw.-al  Svrvan  ami  \1 
(Hun  -train-  hnr  al»»*  f*-*n  -imlw-l  «2|.». 
2a2i  Th**ir  i»«ol  \e*  lo»  —*em»  to  h*  the  «ane 
tick,  namrli,  /  ord-  >»  mde  «i 

In  r\|ntiwii!»  til*.  It  i/rttln  trtmht  *t  wo- 
a  Me  to  liaietrt  H  mu  rati  (r**ni  min  t-»  gsnm  a 
l«g.  I  wit  unite  irre-nlailv 

II  rrntuut  tmmnrt.  ah»,  <  *lk- 1  the  '  -mall  tv 
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of  0.  erratini a,  is  the  host  of  some  of  the  croei- 
durae  group  of  Barrel  in,  namely,  B.  crocidurae, 
B.  i lipodilli ,  B.  merionesi,  and  B.  microti  t26) ; 
the  “large  type,”  0.  erratini «  erratum,  is  not 
hospitable  to  th>s  group  (H2).  The  pathogenicity 
of  these  lxirreliae  lor  man  is  low  (202).  High 
rodent  and  mild  human  pathogenicity  was  statin! 
io  lx-  one  of  the  characteristics  of  this  group  (30). 

There  is  still  some  confusion  regarding  the 
taxonomy  of  some  ticks  Ixdonging  to  this  sub¬ 
group  and  ('i  tlie  lxirreliae  carried  by  them. 

0.  normandi  is  a  strain  of  0.  erratic  m  (9). 
Thus,  it  is  questionable  whether  B.  normandi 
should  bo  used  to  designate  the  Borrelia  carried 
by  this  tick.  0.  marocanus  is  synonymous  with 
0.  erratum.  B.  hispanicu  var.  marocana  and 
B.  masouria  are  carried  by  0.  erratu  m  and  should 
lx’  classified  with  B.  hispanica. 

0.  savignyi  was  considered  a  jxitential  host 
Ix’cause  of  its  predominance  in  some  areas 
afflicted  with  relapsing  fever,  lik>  Somaliland 
where  other  vectors  have  not  boon  detected  as 
yet,  and  in  the  South  of  Tunis  and  Libya,  where 
lousc-lxirnc  epidemics  have  originated  in  the  past. 
There  have  Ixhmi  t<x)  few  surveys  carried  out  on  O. 
savignyi  living  under  natural  conditions  to  jjerinit 
a  decision  as  to  whether  this  secies  is  or  is  not  a 
natural  vector. 

0.  granigeri  was  found  to  carry  a  very  mildly 
human  pathogenic  Borrelia,  described  bv  Heiseh 
( 1 46) . 

0.  moubata,  the  "eyeless  tampan,”  and  its 
four  subtyix's,  namely,  0.  compactus,  0.  apertus, 
().  porcinm,  and  0.  poremus  domexticus  (2H3, 
284),  an*  at  home  chiefly  in  Hast  and  West. 
Africa.  0.  moubata  carries  B.  duttonii.  Walton 
(281)  Ix'lieved  that  its  original  habitats  were 
warthog  ar.d  porcupine  burrows  and  that  it  was 
transferred  to  human  huts  by  man.  It  prefers 
houses  where  people  and  fowl  live  together  (282). 
It  lives  a  few  centimeters  under  the  surface  in 
the  dust  and  in  cracks  of  mud  floors,  particularly 
near  dry  places  where  people  usually  s..  It  has 
Ixh'u  found  in  mud  and  grass  walls,  even  in 
thatched  r< >ofs. 

Since  0.  moubata  seldom  travels  by  its  own 
volition  further  than  alxmt  30  yards,  trans|xirta- 
lion  by  man  or  animals  is  necessary  to  carry  it. 
to  other  localities. 

0.  moubata  and  all  of  its  five  or  six  nymph 
stages  suck  blood.  Adults  like  to  feed  every  0 
weeks,  nymnhs  every  2  weeks.  In  the  lulxiratory, 
it  is  not  necessary  to  feed  adults  more  often  than 
twice  a  year.  After  prolonged  starvation,  how¬ 
ever,  lxirreliae  if  ten  disappear  from  its  coxal 
fluid  and  ovaries  (183).  The  feeding  time  of  <). 
moubata  is  alxiut  20  to  30  min.  Alxmt,  40  to  00', 
of  the  eggs  Ixa-ome  infected  (137).  The  salivary 


glands  are  heavily  infested  in  nymphs  and  ir¬ 
regularly  in  adults  (277).  The  feces  are  free  from 
lxirreliae  (118). 

Young  adults  and  nymphs  transfer  lxirreliae 
chiefly  through  the  saliva,  whereas  older  s|x>ei- 
mens  propagate  the  infection  through  the  coxal 
fluid. 

0.  moubata  may  Ix-come  infectious  as  soon  as 
the  5th  day  after  feeding.  The  first  nymphal 
instar  is  the  most  effective  transmitter.  Since 
lxirreliae  arc  Ix-ing  passed  on  from  generation  to 
generation,  a  mammal  reservoir  is  not  necessary 
to  maintain  B.  duttonii  and,  because  of  the  lon¬ 
gevity  of  this  tick,  0.  moubata  and  its  progenies 
mav  maintain  the  infection  in  an  area  for  a  long 
time  (58,  129,  130,  131,  132) 

Kaeh  subs|x*cies  of  0.  moubata  usually  feeds 
on  only  one  mammal  sjx'cies  (135,  280).  Blood  is 
digested  very  slowly,  and  the  s|x*cies  from  which 
it  came  can  be  identified  by  precipitin  tests  as 
long  as  7  months  after  feeding  (286).  It  was 
proved  by  this  method  that  burrowing  animals 
are  not  the  source  of  human  infection  but  that 
0.  moubata  is  the  reservoir  as  well  as  the  trans¬ 
mitting  agent  of  human-pathogenic  B.  duttonii 
(20,  22.  150). 

0.  moubata  is  considered  an  effective  vector. 
In  laboratory  experiments,  it  could  transfer  B. 
crocidurae  but  was  not  very  hospitable  to  it  (26) ; 
it  harlxired  B.  persica  for  many  months,  and  also 
B.  hispanica,  but  not  the  Kenya  type  of  B. 
recurrentis  (128).  B.  turicatae  lived  in  0.  moubata 
for  19  months  but  could  not  lx*  transferred  by 
its  bite.  Thus,  0.  moubata  has  to  lx*  considered  a 
lick  propagating  in  nature  only  B.  duttonii. 

(Inin  (139)  observed  that  0  moubata  did  not 
acquire  B.  duttonii  infestation  when  this  orga¬ 
nism  Ix'eame  avirulent  after  several  mouse  pas¬ 
sages.  The  reason  for  this  aix'Vration  has  not  lx*en 
explained  as  yet  . 

0.  thotozani  carries  B.  persiea,  and  probably 
has  several  sulispecies.  It  is  synonymous  with 
0.  papillipes  and  jxissibly  also  0.  crossi,  which 
harlxirs  the  Kashmir  strain.  Babudieri  (14) 
descrilx'd  two  B.  persica  strains  in  Jordan  which 
are,  perhaps,  carried  by  different  subspecies  of 
0.  tholozani.  The  l’zlx*k  strain  of  B.  persica  causes 
only  mild  disease  in  man  (171).  B.  persica  is 
synonymous  with  B.  sogdiana  and  probably  also 
with  B.  uzbekixtanica.  0.  tholozani  makes  its 
home  from  the  Cent  ml  Asian  I’SSU  through 
Iran  to  the  Mediterranean.  It  lives  in  caves, 
holes,  and  burrows  of  snu.il  animals  or  in  human 
liuts.  In  some  localities,  it  is  found  near  camels 
and  fowl.  In  Cyprus,  it  prefers  rocky  shelters 
and  caves  with  guano  floors  (125).  In  Central 
Asia  it  lives  in  oases  and  in  rodent  burrows 
along  the  edges  of  the  woodlands  of  the  mountains 
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(213,  229).  It  wa*  also  found  in  almndoned 
piggeries  (27-1).  In  Kazakhstan,  2',  of  0.  tholo¬ 
zani  collected  in  their  natural  habitats  wore 
found  to  lx*  infected  with  Borrelia  (262). 

This  tick  has  one  larval  and  three  to  four, 
[tos  ibly  five,  nymphal  stages  which  feed  at  least 
once  on  a  vertebrate  host  during  each  phase  of 
development.  The  adults  feed  rejieatedlv.  Trans- 
ovarian  propagation  of  Borrelia  in  0.  tholozani 
has  been  proved.  The  incubation  time,  from  the 
infectious  meal  to  the  ability  of  the  tick  to  trans¬ 
mit  Borrelia,  varies.  In  adults  it  may  lx*  as  long 
as  1  or  2  months.  Moskwin  (213)  found  that  the 
infection  is  transferrer!  by  bite,  i.e.,  through  the 
saliva,  and  not  through  the  coxal  fluid. 

0.  tholozani  adults  were  observed  to  harbor 
B.  persica  for  about  3  years  and  the  nymphs  for 
about  5  years  (52).  About  one  of  every  five 
ticks  fed  on  infected  rats  or  mice  acquired  B. 
persica  (239).  In  addition  to  B.  persica  and  its 
substrains,  0.  tholozani  was  found  to  be  able  to 
transmit  B.  recurrenlis  and  its  Moroccan  and 
Berber  strains  from  moase  to  mouse  in  laboratory 
ex|ieriments  (180).  It  carried  B.  recurrentis  for  4 
months  under  similar  conditioas  (263),  but  was 
unable  to  transmit  it  to  animals.  It  hosted  B. 
hispanica  and  B.  microti  after  experimental 
infection  (241). 

B.  babylonensis  was  isolated  from  0.  asperus 
Brumpt  (55).  It  caused  relating  fever  with  many 
circulating  borreliae  in  guinea  pigs,  thus  re¬ 
sembling  B.  hispanica.  On  the  other  hand,  this 
Borrelia  is  not  transmitted  by  0.  tholozani  or  0. 
erratic  us.  0.  asperus,  however,  will  transmit  B. 
persica.  Thus,  it  might  be  more  feasible  to  con¬ 
sider  this  Borrelia  within  the  group  of  B.  persica. 

0.  tartakovskyi  carries  B.  latyschewii  (262 a) 
and  is  found  in  the  Central  Asian  USSR.  As  a 
rule,  it  does  not  ap]>ear  in  human  dwellings; 
it  exists  in  burrows  of  rodents  and  reptiles  in 
dry  waste  lands,  but  seldom  in  the  desert.  O. 
tartakovskyi  exudes  coxal  fluid  not  during  feeding 
but  some  time  after  it  has  left  its  host  (27). 

0.  terrucosus  lives  in  burrows  and  caves  of  the 
semi-desert  region  of  the  Caucasus.  It  has  little 
contact  with  man.  There  are  four  endemic  foci 
in  Azerbaijan  in  which  this  tick  carries  B. 
caucasica  (237),  a  human  pathogen,  which  has 
not  been  studied  satisfactorily  as  yet. 

0.  neerensis  Pavolovsky,  from  Turkmenia, 
prefers  more  cultivated  areas  than  O.  verrucosus 
and  inhabits  burrows  of  rodents,  birds,  and 
reptiles.  It  is  sup|>osod  to  carry  B.  latyschewii 
(230,  238),  which  is  seldom  found  in  man  and 
causes  only  mild  disease  (27).  It  is  not  known 
whether  B.  latyschewii  from  0.  tartakovskyi  is 
identical  with  the  strain  carried  by  0.  neerenis. 

0.  coniceps  Canostrini  lives  in  burrows  and 


eaves  and  also  in  houses  with  chickens.  In  Jordan, 
it  has  been  sus|>eeted.  of  transmitting  B.  persica 
through  its  saliva  (14).  0.  coniceps  can  be  arti¬ 
ficially  infected  wPh  B.  persica,  which  it  will  carry 
for  about  19  months.  Transovarian  transmission 
will  take  place.  About  2'  i  to  3'  ,  of  the  ticks  be¬ 
come  infested  by  feeding,  and  about  10';;  of  the 
guinea  pip*  develop  Borrelia  infection  when  in¬ 
fested  ticks  feed  on  them  (70). 

The  American  relapsing  fever  Borrelic  runs 
were  sus|iected  of  being  tick-adapted  b.  recur¬ 
rentis  (62).  Hrumpt  op|>osed  this  theory  (53). 
American  Borrelia  strains  apjrarently  did  not 
become  tick-borne  after  the  Spanish  Conquest 
or  after  the  settlement  of  the  West  commenced, 
at  which  time  louse-borne  Borrelia  was  spread. 
Tick-borne  strains  were  probably  present  already 
in  the  western  mountain  ranges  of  the  Americas 
when  immigrants  from  Eurojre  and  from  the 
East  arrived. 

Among  the  South  American  ticks,  0.  rudis 
(0.  venezuelensis)  is  the  most  important  vector. 
It  likes  to  enter  houses  and  ha*  the  habits  of 
bedbugs  (233).  It  carries  B.  venezuelensis  (B. 
neotropicalis). 

The  role  of  0.  talaje  in  relating  fever  is  rather 
puzzling.  This  tick  is  found  in  the  West  of  the 
Americas,  from  Canada  to  Argentina.  It  often 
apj>ears  near  human  habitats  (42),  associates 
with  pigs  and  rats  (79),  and  seem  to  transfer 
Borrelia  from  animals  to  animals  rather  than 
from  animals  to  man  (95),  although  Bates  et  al. 
(33)  described  human  infections  by  O.  talaje. 
Some  0.  talaje  strains  do  not  bite  man  (95,  234). 
The  Borrelia  transmitted  by  0.  talaje  has  not  been 
named  as  yet,  because  it  is  believed  that  it  is 
identical  with  that  from  0.  rudis.  Mazzotti  (204, 
205)  found  incongruities  between  the  bionomics 
of  0.  rudis  and  0.  talaje  on  the  one  hand,  and 
B.  venezuelensis  infections  on  the  other.  0.  talaje 
from  Mexico  and  Guatemala  transmits  a  Borrelia, 
called  B.  mazzotti  (98),  which  is  not  carried  by 
0.  talaje  elsewhere.  The  literature  does  not  seem 
to  contain  rejxjrts  on  attempts  to  define  0. 
talaje  subtv|)es.  The  problem  of  South  Amer¬ 
ican  relapsing  fever  and  its  etiology  will  not  be 
understood  until  the  taxonomy  and  ecology  of 
the  members  of  the  0.  talaje  subgroup  are 
fully  investigated. 

0.  parkeri  lives  in  the  West  of  the  United 
States  and  in  Canada.  It  inhabits  caves  and 
burrows  of  ground  squirrels  and  prairie  dogs. 
Human  infections  with  its  Borrelia,  B.  parkeri, 
are  rare,  because  man  does  not  enter  its  habitats 
frequently.  0.  parkeri  transmits  B.  parkeri 
through  its  salivary  apparatus,  i.e.,  bv  bite. 
O.  parkeri  cannot  propagate  B.  venezuelensis. 
It  will  harbor  B.  turuatae  for  a  long  time,  but  is 
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not  effective  in  transferring  it  from  mouse  to 
mouse  under  experimental  londitions  (205). 

0.  turicata  has  lx*en  found  in  Canada,  the 
Western  United  States,  Mexico,  and  in  South 
America.  Although  it  originally  favored  caves  and 
burrows  of  rodents,  owls,  and  snakes,  it  has  Ix-en 
found  under  houses  in  Texas  (42)  and  seems  to 
begin  its  donx*stication  in  Mexican  huts,  pigsties, 
abattoirs,  and  caves  which  house  goats  or  sheep. 
This  tick  remains  alive  while  starving  for  5 
years  (121).  I^arvae  and  nymphs  feed  for  10  to 
50  min,  but  adults  may  take  as  long  as  2  days. 
Coxal  fluid  is  not  excreted  during  feeding,  and  it 
d(X‘s  not  contain  Ixirreliao.  B.  turiratae  are  trans¬ 
mitted  by  the  bite  of  the  tick  (177).  0.  turicata 
is  easily  infected  with  B.  turicatae;  practically 
all  individuals  are  susceptible  and  carry  lx»r- 
reliae  at  least  to  the  F5  generation  (94).  In 
laboratory  ex|XTiments,  0.  turicata  did  not 
transmit  B.  venezuelensis,  B.  hispanica,  8. 
duttonii,  B.  persica,  or  the  Babylonian  strain 
from  animal  to  animal  (oil,  55,  50,  99). 

0.  hermsi  lives  in  remains  of  dead  trees  (so- 
called  “snags”),  with  mice,  rats,  and  chipmunks, 
in  the  mountains  of  California,  the  Northwest 
of  the  United  States,  and  Canada  (150,  290, 
291).  Rodents  carry  it  during  the  winter  into 
summer  cabins  which  are  used  by  hunters  and 
travelers,  and  where  the  ticks  remain  alive  tor 
years.  0.  hermi  feeds  on  mammals  but  may  feed 
also  on  other  ticks.  Wheeler  (2X9)  could  recover 
Borrelia  for  3X  days  from  the  gut  of  0.  hermsi 
but  found  that  neither  feces  nor  coxal  fluid  are 
expelled  during  feeding.  Alxmt  45' ,  of  0.  hermsi 
found  in  nature  could  infect  mice.  The  hereditary 
transmission  rate,  however,  is  low.  0.  lurmsi  can 
lie  infected  with  B.  renezuelensis  and  B,  parked 
but  does  not  transmit  them  (205). 

The  North  American  s|>ecies  of  ticks  and  the 
lx>rreliae  carried  by  them  are  excellent  examples 
of  the  close  relationship  Ix-tween  Ixnreliae  and 
their  tick  vectors.  Although  Ixnreliae  other  than 
the  tick-s|x*cific  Itorreliac  could  lx1  transferred  to 
the  different  ticks,  these  arthropods  were  able  to 
transmit  only  their  own  Borrelia  species. 

0.  hrasiliensis  harlxns  B.  brasiliensis  (97)  in 
Brazil;  0.  zumpti  harlxtrs  B.  tillae  in  the  Cape 
Province  of  Africa  (297).  The  latter  is  perhaps 
not  pathogenic  for  man  or  Cercopithecus  monkeys 
(154).  B.  ipieemlandica  from  Ratios  dllosus  in 
New  Zealand  caused  relapsing  fever  in  rats  and 
mice.  Its  tick  vector  and  its  human  patho¬ 
genicity  have  not  been  fully  investigated  as  yet 
(00).  It  is  nocccssary  to  study  these  organisms 
more  intensively  More  they  can  lx-  considered 
effective  factors  in  relapsing  fever. 

B.  recurrenlis  isolated  in  Central  Asia  could  not 
be  transmitted  from  infected  man  to  man  or  to 


rodents  by  the  bite  of  O.  tholozaui  or  ().  tarta- 
korskyi  in  spite  of  the  survival  of  the  Ixnreliae  in 
these  ticks  for  as  It  mg  as  134  days  (203).  Neither 
could  Baltazard  et  al.  (24)  transmit  B.  recur- 
rentis  from  heavily  infected  infant  rabbits  by  the 
bite  of  0.  erraticus,  ().  lahorensis,  0.  turicata ,  or 
0.  parked. 

There  is  a  great  variety  in  the  mode  of  living, 
fettling,  ant*  excretory  functions  of  the  insect 
hosts.  Attempts  to  align  these  factors  with  the 
immunology  anti  pathogenesis  of  the  respective 
Ixn  reliae  have  not  Ixtm  successful  as  yet. 

As  seen  from  the  foregoing,  a  number  of  Orrti- 
thodorus  sjxfies  also  will  carry  in  the  laboratory 
Borrelia  types  other  than  those  they  transmit  in 
nature.  The  rule  of  Borrelia-Wck  species  speci¬ 
ficity,  while  not  unequivocal,  comes  at  least  close 
to  Ix'ing  exact.  Notable  exception-  are  the  talaje 
anil  the  latyshevyi  subgroups.  I  he  results  of 
further  investigations  may  clarify  these  dis¬ 
crepancies. 

According  to  a  hv|K»thesis  advanced  by  Nicolle 
anti  Anderson  (21 K),  Ixnreliae  were  originally 
parasites  of  small  mammals.  They  were  trans¬ 
ferred  from  them  to  man  by  ticks,  then  from 
man  to  lice.  According  to  this  concept,  ticks 
conserve,  anti  lice  propagate,  borreliae. 

Baker  anti  Wharton  (17)  stated  that  Borrelia 
developed  with  the  Acadnae.  This  hy]x>thesis 
implies  that  borreliae  are  primarily  the  parasites 
of  ticks,  invading  mammals  only  by  chance  anti 
developing  into  different  species  with  genetic 
changes  of  Acadnae.  It  seems  that  recent  reports 
on  the  relationship  of  Borrelia  strains  to  the 
species  or  subspecies  of  their  vectors  favor  the 
second  this  try. 

Unusual  vectors,  like  Ixxlbugs,  may  occur  under 
certain  circumstances.  Mechanical  transmission 
as,  c.g.,  by  biting  flies,  is  a  distinct  possibility. 
Nevertheless,  one  would  go  too  far  to  ascribe  a 
large  role  in  the  propagation  of  Borre'ia  to  some 
insects,  like  mites  anti  Ixxlbugs,  which  are  in¬ 
efficient  transmitters  anti  do  not  serve  as  reser¬ 
voirs  of  Ixnreliae. 

Attempts  to  Classify  Bokkkliak  According 
to  Susceptible  Animals 

Since  numerous  tick  species  live  with  animals 
in  burrows,  caves,  stables,  anti  even  huts,  several 
attempts  have  txx-n  matle  to  classify  the  memlx*’.-: 
of  the  genus  Borrelia  according  to  their  presence 
in  wiltl  and  domestic  animals  as  well  as  accord¬ 
ing  to  the  susceptibility  of  lalxiratory  animals. 

“ Xatural "  Reservoirs 

No  animal  reservoir  of  B.  recurrentis  has  lxx*n 
found  as  yet.  Squirrels  could  lx*  infected  with 
east*  also  by  administering  the  Chinese  strain  pel 
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os  or  dripping  it  into  the-  conjunctival  sac  (78). 
Bushhabies  were  sensitive  to  the  Kenya  strains 
(126);  gerbils,  to  the  Berberian  strain  (138). 

It  is  doubtful  that  these  rodents  are  infected 
also  in  nature.  A  summary  of  animal  reservoirs 
of  tick-borne  relapsing  fever  was  presented  by 
Sautet  in  1937  (251).  Since  then,  many  additional 
data  have  been  collected.  Mooser  (212)  expressed 
the  belief  that  of  the  tick-borne  borreliae  only 
B.  dutionii  is  primarily  anthro|>ophilic,  whereas 
the  others  are  parasites  mainly  of  rodents  and 
insectivorous  animals.  No  animal  was  discovered 
as  yet  to  harbor  B.  duitonii  under  natural  con¬ 
ditions.  In  laboratory  tests,  dogs,  horses,  goats, 
and  sheep  acquired  a  light  self-limited  infection 
(159).  Hedgehogs  seem  to  be  immune  (186). 
Chickens  injected  with  B.  dutionii  will  harbor 
borreliae  in  their  circulation  for  a  few  days  with¬ 
out  developing  disease  (178).  The  failure  of 
these  ex|>eriments  confirms  Mooser’s  assumption 
(212)  that  B.  dutionii  has  a  life  cycle  which  does 
not  involve  mammals  other  than  man. 

B.  hispanica  has  l)een  found  in  rats,  jackals, 
foxes,  bats,  weasels,  hedgehogs,  |>orcupines,  dogs, 
and  domestic  mice  (100,  101,  162,  214,  217,  219). 
The  infection  rate  varies  in  rodents  from  0.5  to 
40r'c  (41). 

Pigs,  donkeys,  and  cats  have  not  lieen  found 
infected,  but  0.  erraUcus,  the  tick  vector  of  B. 
hispanica,  lives  with  pigs,  and  these  animals  may 
disseminate  0.  erratirus  (214).  In  laboratory 
oxj)eriments,  dogs,  procupines,  hedgehogs,  and 
bats  (186,  217)  were  successfully  infected  with 
this  Borrdia. 

The  crocidurae  subgroup  of  Borrdia  was  named 
after  the  wild  shrew  (Crocidura)  from  which  the 
first  Borrdia  lielonging  in  this  subgroup  was 
isolated.  Shrews,  hedgehogs,  hamsters,  gerbils, 
bandicoots,  wild  mice,  and  sometimes  also  dogs, 
bats,  horses,  goats,  and  sheep,  but  not  reptiles 
or  birds,  are  hosts  >4  this  subgroup  of  Borrdia 
(102,  209).  Animals  which  are  frequent  carriers 
of  the  crocidurae  subgroup  of  Itorrcliao  in  nature 
may  lx*  infected  also  in  the  laltoratorv. 

B.  persica  has  lieen  isolated  from  naturally 
infected  wild  mice  and  rats  (14,  25)  and  may  lx‘ 
present  in  bats.  Hedgehogs  are  susceptible  in 
lalxrratory  experiments,  a-  are  sheep  (103). 

Hahudicvi  (14)  Ix'lieved  that  there  are  two 
strains  of  B.  ftersua  in  Jordan.  One,  the  rural 
form,  occurs  in  shepherds,  nomads,  and  road- 
builders,  who  often  stay  in  caves  with  dry  and 
sandy  floors.  Relapsing  fever  has  its  |x>ak  among 
them  in  the  winter.  The  urban  form  occurs  in 
windowless  houses  with  earthen  fl<x>rs  that  are 
not  well  maintained.  The  |x>ak  of  this  infection 
is  in  the  summer.  Habudicri  |x»stulated  a  cycle 
from  the  spiny  mouse  (.1  romps)  or  sand  rat 


( Psammomys )  through  0.  tholmani  to  man  in 
rural  areas,  and  from  domestic  rats  through  0. 
coniceps  to  man  in  urban  dwellings.  These  inter¬ 
esting  features  warrant  further  investigations. 

In  the  Americas,  chipmunks  and  squirrels 
(34),  burrowing  owls  (166),  monkeys,  marmosets, 
ojxrssums,  weasels,  armadillos,  and  bats  (79,  111) 
have  been  found  infected  with  Borrdia.  Calves 
which  are  tied  to  bush  fence  posts  in  Central 
America  alxmnd  with  0.  ialaje,  and  domestic 
(not  ranch)  horses  around  which  o|x)ssums  like 
to  prowl  also  harbor  Borrdia. 

B.  turicaiae  causes  infection  in  dogs,  foxes,  cats, 
pigs,  Microtu8  mexicanus ,  and  cotton  rats,  under 
laboratory  conditions  (56,  203). 

The  search  for  a  wild  or  domestic  animal  not 
routinely  used  in  the  bacteriological  laboratory 
as  yet  for  the  differentiation  of  Borrdia  strains 
has  not  been  successful  to  date.  Lapidrre  et  al. 
(186)  achieved  some  success  by  employing  the 
F.uroi>ean  hedgehog  (Erinaceus  europeanus), 
which  is  resistant  to  B.  dutionii,  acquires  a  usually 
inapparent  disease  from  the  crocidurae  subgroup, 
Ix'comes  ill  with  B.  hispanica,  and  develops  a 
severe  disease'  when  infected  with  B.  persica.  The 
borders  between  the  responses  of  this  hixlgehog 
to  borreliae  are  not  sharp  and  may  vary  accord¬ 
ing  to  the  respective  strain  of  the  Borrdia  s|x>cies 
employed.  Perhaps  when  more  extensive  studies 
of  animals  harboring  borreliae  in  nature  are 
carried  out,  when  dogs  and  sheep  are  added  to 
the  series  of  ex|x'rimental  animals,  and  when 
uniform  routes  and  infective  dosages  are  em¬ 
ployed,  additional  lalxjratorv  test  animals  will 
be  found. 

Laboratory  Animals 

Monkeys,  mice,  rats,  guinea  pigs,  rabbits, 
and,  to  a  lessor  extent,  hamsters  have  Ix'en  used 
for  lalxrratory  tests  with  borreliae. 

Monkeys  gave  the  lx*st  results  with  B.  recur¬ 
rent is  after  intrajx'ritoneal  injection  (29,  44). 
M.  inuus  seemed  to  develop  relapse's  less  fre¬ 
quently  than  M.  sultan  us  (188).  The  Tunisian 
strain  killed  M.  inuus  (220),  but  no  fatalities 
were  observed  in  Macacus  with  the  World  War 
II  strain  (80).  The  Kenya  strain  killed  only  30' 
of  civet  monkeys  (126).  The  Manchurian  (271) 
and  the  Chad  Region  strains  (188)  were  easily 
established  in  monkeys.  The  incubation  period 
and  the  numlx<r  «>f  rc'apses  do|>endod  on  the  size 
of  the  inoculum. 

B.  recurrentis  infects  mice  consistently,  but 
the  infection  is  of  short  duration  (alxmt  3  days) 
and  mild  (30,  HO),  The  incubation  time  depends 
on  the  size  of  the  inoculum  (31).  Young  mice  are 
more  susceptible  (266).  Passage  through  rabbits 
or  monkeys  enhances  its  virulence  for  mice 
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(30,  271).  Some  of  the  North  African  strains  lost 
part  of  their  pathogenicity  for  man  after  passage 
through  mice  (18),  and  others  retained  it  (21, 
266).  Strains  designated  as  B.  carteri  and  B.  novyi 
are  also  infectious  for  mice.  The  Kenya  strains  of 
Gamham  (126)  caused  severe  borellemia  of  short 
duration  in  mice. 

White  rats  show  a  short  incubation  period, 
and  B.  recurrentis  circulates  in  their  blood  for  1 
week  or  even  longer  (20,  30,  126).  Sometimes 
heart  blood  contains  Borrelia  longer  than  the 
peripheral  blood.  Young  rats  are  more  susceptible 
(265,  271). 

It  was  reported  that  some  West  African  strains 
do  not  infect  rats,  and  the  designation  B.  berbera 
was  proposed  for  them  (159). 

Guinea  pigs  appear  to  be  refractory  to  B. 
recurrentis,  including  the  strains  labeled  carteri, 
tonkin,  and  berbera  (134,  159).  The  Manchurian 
strains,  after  having  been  established  in  mice, 
could  be  transmitted  to  guinea  pigs.  They  circu¬ 
lated  in  the  blood  of  these  animals  for  2  or  3  days 
(271).  Newborn  guinea  pigs  are  somewhat  more 
susceptible  to  B.  recurrentis  than  are  adults. 

Rabbits  generally  do  not  become  ill  after  B. 
recurrentis  injections  but  develop  antibodies 
against  them.  Young  rabbits  are  more  susceptible 
(29,  30,  31).  The  organisms  may  persist  for  1  or 
a  few  more  days.  Lice  usually  feed  well  on  new¬ 
born  rabbits.  This  method  of  infection  [icrmits  a 
more  natural  approach  in  laboratory  experiments 
with  these  animals.  Strains  passed  through  adult 
rabbits  acquire  higher  virulence  for  voung  rabbits 
(30). 

Monkeys,  es|>ecially  M.  inuus,  are  highly 
susceptible  to  B.  hispanica.  Two  or  three  relapses 
are  often  observed  in  them  (48).  The  infection 
in  mice  is  short  and  mild.  Rats  react  in  a  similar 
manner  (48,  252).  Virulence  for  guinea  pigs  may 
fluctuate  (252).  The  ap|>earance  of  atypical  forms 
and  only  a  few  horreliae  during  remissioas  in 
B.  hispanica  e.\|>eriments  with  rats  may  hamjx'r 
laboratory  studies.  Most  strains,  including 
Moroccan  and  Algerian,  are  easily  transferred 
to  guinea  pigs.  Rabbits  develop,  an  infection  of 
short  duration  (48),  with  few  Ixirreliao  circulating 
in  their  blood. 

The  crocidu^a*  group  is  characterized  by 
minimal  pathogenicity  for  monkeys,  e.g.,  Cyno- 
cephatus  (47),  and  by  a  greater  sensitivity  of  new¬ 
born  mice  and  rats  and  no  reaction  or  a  mild  one 
in  adult  rats  but  a  serious  response  in  young 
rats  (26,  134).  Rabbits  an*  refractory  (26). 

B.  crocidurae,  the  tyiie  strain,  causes  fatal 
infection  in  young  rats  and  in  hamsters  (44,  45). 
The  Egyptian  strain  is  pathogenic  for  rats  and 
mice,  and  causes  transitory  parasitemia  in  new¬ 
born  guinea  pigs  (106). 


B.  microti  kills  young  mice  and  rats.  It  stays 
in  the  |>eripheral  blood  of  adult  mice  and  rats 
for  10  to  12  days,  i.e.,  longer  than  most  other 
Afro-Asian  borreliae.  The  incubation  time  is 
about  l  week.  It  is  nonpathogenic  for  adult 
guinea  pigs  and  rabbits  (95, 240, 241). 

B.  merionesi  causes  disease  in  the  Barbari  a|>e 
(.1/.  sylvana)  (40)  and  other  monkeys  (95).  It 
circulates  in  the  blood  of  mice  for  about  2  weeks 
and  kills  rats  quite  frequently.  It  is  nonpatho¬ 
genic  for  adult  guinea  pigs  but  often  fatal  for 
hamsters  (40). 

B.  duttonii  is  readily  transferred  to  monkeys, 
causing  fatal  disease  in  African  species  (80). 
A)>es  are  less  susceptible  (47).  All  except  the 
Madagascar  strain  infect  adult  mice  more 
readily  than  newborn  mice  (134).  The  infection 
|x>rsists  in  mice  for  a  long  time  (80).  The  same 
conditions  prevail  in  exjieriments  with  rats  (128, 
134).  Guinea  pigs  are  only  slightly  susceptible  to 
B.  duttmii,  but  young  animals  may  acquire  the 
infection.  Although  adult  rabbits  are  refractory, 
young  may  be  infected  (134). 

B.  yraingeri  is  only  mildly  pathogenic  (146). 
Monkeys,  guinea  pigs,  and  young  rabbits  are 
refractile.  This  Borrelia  circulates  in  the  blood 
of  mice  and  rats  only  for  a  few  days. 

Mice  and  rats  are  highly  susceptible  to  B. 
tillae,  and  young  guinea  pigs  are  susceptible  to  a 
lesser  degree;  mild  or  irregular  res|x»i>ses  were 
noted  in  rabbits  (297). 

B.  persica  causes  disease  in  monkeys  and  mice 
(3).  Guinea  pigs  are  sensitive  to  most  strains  of 
B.  persica,  which  is  helpful  in  differentiating 
it  from  B.  recurrentis  (3,  4,  103).  A  hemoperi- 
toncum  often  develops  (53a).  Rats  can  be  in¬ 
fected  (3,  239),  but  the  incubation  time  is  long 
(103).  Prolonged  infections  in  guinea  pigs  were 
recorded  also  with  strains  from  Palestine  (10) 
and  l’zlx*k  (274),  with  an  incubation  |x*riexi 
extending  to  6  weeks  (103).  Numerous  relapses 
were  seen  in  these  animals  when  infected  with 
some  of  the  Tobruk  strains  (11).  Disease*  in 
guinea  pigs  can  lx*  evokes  1  alse>  by  intrexlucing 
this  Borrelia  into  the*  anterior  eye  chamber  (3). 

Few  B.  Icityslievyi  circulate  in  the  blexxlstivam 
e>f  the*  infected  mice,  but  relapses  can  be*  ob¬ 
served  (262a).  Rats  are*  nett  sensitive*  to  B.  laty- 
schewii  ace-ending  tee  Sofiev  (262a),  whie-h  is 
unusual  fe>r  a  Borrelia  that  is  ejuite*  patheegenie 
fe»r  mie*e*.  Guine*a  pigs  do  not  react  to  this  Bor¬ 
relia  (27, 30, 262a).  Rabbits  shew  einly  a  transient 
infectiem. 

B.  venezuelenm  (B.  neotropiealis )  is  able*  to 
e’ause*  oxix*rime*ntal  retailing  fever  in  Rhesus 
monkeys  (33).  The*  incubatiem  ix'ricxl  in  mie*e*  and 
rats  varie*s  arcoreling  te>  the*  numlx*r  of  eerganisms 
injected.  Borrele-mia  of  1  to  2  we*e*k*’  duration 
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follows,  after  which  the  number  of  circulating 
organisms  diminishes  in  the  blood,  but  the  in¬ 
fection  |ierslsts  in  the  brain  (83,  233).  Guinea 
pigs  may  be  infected  with  B.  venezuelensis  (92). 

B.  mazzotti  (98,  204)  does  not  infect  guinea 
pigs. 

B.  turicatae  is  communicable  to  monkeys.  Mice 
and  rats  can  be  easily  infected,  and,  although 
the  organisms  are  rare  in  blood,  relapses  may 
occur.  B.  turicalae  has  been  recovered  from  rat 
brain  but  not  longer  than  6  months  after  in¬ 
fection.  Guinea  pigs  react  according  to  age  and 
strain  (56). 

B.  hermsii  is  highly  infective  to  monkeys  and 
easily  established  in  mice  and  rats  (289),  but  these 
qualities  may  vary  with  the  geographic  origin  of 
the  respective  strain.  Guinea  pigs  (92)  and  ham¬ 
sters  (74)  are  also  sensitive  to  B.  hermsii. 

B.  brasiliensis  could  be  transmitted  to  mice 
and  guinea  pigs  (97).  Few  data  are  available 
concerning  this  strain. 

It  was  shown  that,  in  attempts  to  classify 
borreliae  according  to  the  response  of  laboratory 
animals,  the  number  of  the  borreliae  in  the 
inoculum  greatly  influences  the  reaction  of  the 
animal  host.  The  incubation  time  often  fluctuates 
with  the  dose  and  the  route  of  inoculation.  Host 
variations  may  play  an  important  role.  Some 
animals  have  relapses,  and  others  do  not,  even 
if  injected  with  the  same  species  of  Borrelia. 

The  experimental  methods  have  not  been 
standardized.  Some  researchers  injected  crushed 
lice  or  ticks  into  animals,  under  the  skin  or  into 
the  jieritoneal  cavity.  It  seems  that  some  con¬ 
stituent^)  of  the  arthrojiod  body  enhances 
the  infection.  The  results  of  feeding  arthrojxxis  on 
animals,  infecting  them  through  mucous 
membranes,  injecting  infected  blood  or  organs, 
or  introducing  infested  crushed  ttrthrojiods, 
may  be  divergent,  even  with  the  same  strain.  In 
addition,  one  has  to  consider  strain  variations. 
The  axiom  that  no  two  Borrelia  strains  are  com¬ 
pletely  identical  (167)  is  actually  not  such  an 
overstatement  as  it  apiiears  at  first. 

All  these  factors  limit  the  value  of  animal 
experiments.  Generally  shaking,  young  animals 
art*  more  susceptible  to  borreliae,  jierhajis  with 
the  exception  only  of  B.  duUonii.  Monkeys,  mice, 
rats,  guinea  pigs,  and  rabbits  are  the  most  com¬ 
mon  exjierimental  animals,  rnfortunately,  most 
authors  working  with  primates  used  different 
monkey  and  ajx*  species.  Mice  are  sensitive  to  all 
strains.  Some  authors  prefer  rats  because,  if 
these*  rodents  an*  susceptible  to  a  given  strain  of 
Borrelia  at  all,  the  infection  will  last  longer  than 
in  mice. 

Guinea  pig  susceptibility  to  Borrelia  is  a 
differential  diagnostic  characteristic,  ranging 


from  absence  to  high  sensitivity,  with  variations 
according  to  the  strain  and  the  age  of  the  guinea 
pigs.  Rabbits  are  not  helpful  in  the  differential 
diagnosis  of  Borrelia  but  can  be  used  for  anti¬ 
body  production.  Hamsters  have  not  lx*en 
employed  widely  in  Borrelia  work  as  yet.  Table 
2  summarizes  the  essential  strain  differences  as 
established  by  the  exjieriments  related  in  this 
section. 

Pathology  in  Kxpkrimkntal  Animals 

The  res|x>nse  of  exjierimental  animals  to 
Borrelia  infections  dejiends,  among  other  factors, 
on  their  age  and  metabolism.  When  dormice  were 
infected  with  B  hispanim  or  the  I’zbek  strain  of 
B.  persica  before  hibernation,  the  Borrelia  dis- 
ajijieared  faster  than  when  the  animals  were 
kejit  at  room  temjierature.  If  dormice  were  in¬ 
fected  during  hibernation,  borreliae  could  lx 
recovered  for  a  much  longer  time  (165).  This, 
undoubtedly,  is  a  jihenomenon  which  can  be 
correlated  with  metabolic  changes  during  hiber¬ 
nation. 

The  influence  of  borreliae  on  the  metabolism 
of  infected  rats  has  been  studied  to  some  extent 
and  may  serve  as  a  clue  to  further  research. 

B.  reeurrentis  produced  large  quantities  of 
lactic  acid  in  the  blood  of  rats,  resulting  in  a 
higher  carbon  dioxide  resjiiration  and,  at  the 
jieak  of  the  infection,  accomjianied  by  hyjio- 
glycemia  and  dejiletion  of  liver  glycogen  (122). 

Seven*  disease  develo|ied  in  rats  that  were 
protein-deficient  (140)  or  thiamine-deficient,  or 
both  (141),  when  they  wen*  injected  with  B. 
persica.  There*  was  no  change  in  the  relajise  rate 
or  in  the  incubation  jieriod.  Guggenheim  and 
co-authors  (140,  141)  believed  that  the  concomi¬ 
tant  caloric  deficiency  was  the  cause*  of  this 
jihenomenon.  Sulxleficient  diets  had  no  influence 
on  the  course*  of  the  dist*ase.  This  observation 
jiroliably  has  no  tearing  on  the  metabolism  of  the 
Borrelia,  but  rejiresents  a  condition  which  re¬ 
duced  the  host  resistance  to  infections  in  gi>neral. 

The  fate  of  borreliae  in  exjierimental  animals 
has  not  teen  studied  to  a  satisfactory  extent. 
Borrelia  can  lie  found  in  the  cajiillaries  and  sinuses 
of  the  organs,  especially  in  the  spleen.  There  is  a 
variation  in  the  intensity  of  the  lesions  according 
to  strains.  Some  authors  found  that  sjiieneetomy 
in  rats  has  no  influence  on  the  infection  (20,  22); 
others  observed  an  increased  suscejitibility  after 
this  ojieration  (168). 

The  role  of  the  reticuUx*ndothe)ial  system 
seems  to  lie  imjKirtant,  lieeause  its  blockade  may 
turn  otherwise  resistant  animals  sensitive  to 
Borrelia  (293).  When  this  system  was  block<*d 
with  colloidal  iron  in  rats  ami  mice,  the  adhesion 
formation  was  slower  (57).  Fixed  jihages  did  not 
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Table  2.  Susceptibility  of  laboratory  animalt  to  borreliae 


Borrelia 

Mice* 

Rat> 

Guinea  pigs 

B.  recurrentis 

Young  more  suseep- 

Y’oung  more  suseep- 

Some  young  suseep- 

tible;  disease  mild; 
blood  positive,  3-5 
days 

tible;  disease  mild; 
blood  positive,  1  week 
or  longer 

tible;  adults  0 

B.  hispanica 

Young  more  suseep- 

Young  very  suseep- 

Disease  may  be  severe; 

i 

t 

tible;  disease  mild; 
blood  positive,  2-5 
days 

tible;  disease  mild; 
blood  positive,  1-2 
weeks 

Many  borreliae  in  blood 

Crocidurae  subgroup 

Young  very  suseept  ible; 
long  disease 

As  in  mice 

Usually  0 

B.  duttoni 

Old  more  susceptible; 

Old  more  susceptible; 

Young  more  suseep- 

long  disease 

long  disease 

tible;  long  disease 

B.  persica 

Long  incubation;  mild 
infection 

As  in  mice 

Very  severe  disease 

B.  latyshevyi 

Few  borreliae  in  blor»d 
but  animals  sick 

0  (?) 

j  0 

B.  venezuelensis 

Disease  mild;  blood 
positive,  1-2  weeks  ' 

As  in  mice 

j  Susceptible 

B.  mazzoltii 

Disease  mild;  blood!  As  in  mice 
positive,  1-2  weeks  j 

0 

B.  turicatae 

Disease  mild;  few  bor-i 
reliae  in  blood 

As  in  mice 

Only  young  susceptible 

B.  parkeri 

1 

Disease  mild;  few  hor- 
reliae  in  blood 

As  in  mice 

Only  young  susceptible 

i 

B.  herntsi 

Susceptible;  variable 
picture 

As  in  mice 

As  in  mice 

B .  brasiliensis 

j 

I 

Disease  mild;  blood 
positive,  1-2  weeks 

As  in  mice 

As  in  mice 

*  Mice,  especially  young,  are  susceptible  to  all  borreliae.  Monkeys  are  susceptible  to  practically  all 
strains. 


rcs|K>nd  to  live  Ixirreliae,  but  they  ingested  dead 
Ixirreliae  (1H1),  Polymorphonuclear  cells  were 
seen  to  take  up  fragments  of  Ixirreliae  (269),  but 
they  do  not  seem  to  play  a  role  in  the  pathogenesis 
of  relapsing  fever.  Borreliae  will  adhere  to  them, 
even  if  their  cytoplasm  has  been  damaged  (3). 
It  seems  that  shortly  before  the  crisis,  Ixirreliae 
roll  up  and  are  taken  up  by  the  endothelial  cells 
of  the  spleen,  liver,  and  lxine  marrow  (269). 
Surviving  Ixirreliae  remain  in  these  organs  and 
in  the  brain  until  the  next  relapse. 

Borreliae  are  proliably  destroyed  in  the  Ixxly 
by  antilxxlies,  not  by  phagocytosis  (!6i\  1H1). 
In  the  brain,  they  seem  to  lx-  lx>ttcr  protected 
front  antilxxlies  lx>causc  of  the  anatomy  of  the 
hltxxl  supply  (196). 

The  brain  ehangt*s  have  lx*en  studied  with  the 
ntivyi  strain  of  B.  rerurmiti x  in  white  rats  (201). 
Borreliae  were  present  in  the  capillaries  of  most 
purts  of  the  brain.  There  were  no  changes  in  the 
nerve  cells,  but  an  intense  microglial  reaction 
was  present  in  the  cortex.  It  is  unknown  whether 
there  is  a  relationship  lx*  tween  this  reaction  and 
the  strong  neurotropism  of  some  (e.g.,  B.  pemvn) 
anil  the  weak  neurotropism  of  other  (c.g,,  B. 
tuririihu )  strains. 


While  erythrolysis  is  not  oliserved  in  routine 
tissue  preparations,  Kolxntson  (245)  proved 
that  all  lalxiratory  animals  successfully  infected 
with  Ixirreliae  show  an  anemia  which  is  essentially 
microcytic  and  hv|x*rchromie  with  a  strong 
reticulocyte  rcs| xir.se. 

Of  the  sensory  organs,  the  eyes  suffer  most 
frequently.  Inoculating  the  eves  of  rabbits  was 
promised  by  Blanc  et  al.  (39)  for  the  differential 
diagnosis  of  Bomlia  strains.  In  his  ex|M*riments, 
B.  hi*imnua  produced  lesions  similar  to  svphilitis 
keratitis;  B.  iluttoirii  and  B.  nieriomsi  gave  a 
different  histological  picture.  Moreover,  B. 
tliiUomi  causer!  a  strong  local  reaction.  l*n- 
fortunatcly.  only  few  Barrel ia  strains  were  used 
in  these  ex|H'riments. 

Indeed,  the  data  on  tin'  relationship  of  cellular 
n*s|xmse  and  immunology  in  Ixinvliasis  an* 
meager. 

Imminology 

Agglutinin* 

Sera  pivpared  against  Borrelia,  eqieeially 
when  usr*d  in  lower  dilutions,  have  a  tendency 
to  give  cmss-reactions  not  only  with  other  Bor¬ 
relia  s|x*cies  but  also  with  Trritoneinn  (250). 
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Hindlc  (15S,  159)  called  attention  to  the  com¬ 
plexity  of  the  agglutinating  antigen*  ami  con¬ 
sidered  this  test  technically  difficult  Autoag¬ 
glutination  of  Ixnreliae  is  common,  and  is  often 
seen  in  the  blood  of  man  and  monkeys  during 
disease. 

Stein  (26S),  however,  achieved  satisfactory 
results  with  B.  recurrentis  by  use  of  sa|xmin- 
treated  rat  blood  in  macroscopic  agglutination 
tests.  Adler  and  Ashlx‘1  (3)  found  significant 
agglutinating  antilxxly  levels  in  rats  infected  with 
B.  persiea  after  the  attacks.  Ualteanu  ct  al.  (32) 
studied  agglutinin  titers  in  man  and  oliscrved 
that  they  rise  after  attacks,  reaching  their  maxi¬ 
mum  during  convalescence, 

Because  of  the  inability  of  Borrelia  to  grow  in 
artificial  media  and  the  difficulties  involved  in 
their  separation  from  blood,  animal  organs,  or 
from  the  fluids  of  the  developing  chick  embryo, 
it  cannot  lx*  exacted  that  the  study  of  Borrelia 
with  the  aid  of  the  classic  agglutination  test  will 
achieve  any  degree  of  jxipularity. 

Adhesion  Phenomenon 

Hindlc  (159)  ami  Schuhardt  (254)  surveyed  the 
literature  on  the  adhesion  phenomenon.  Little 
adhesion  is  observed  during  the  early  stages  of 
infection  but  the  phenomenon  lxxxnnes  in¬ 
creasingly  apparent  a*  the  disease  progresses. 
Adhesion  is  observed  in  animals  and  man  just 
liefore  the  end  of  the  attack,  when  Ixnreliae  are 
ready  to  disapix*ar.  It  is  followed  by  fragmenta¬ 
tion  of  the  infective  organisms.  The  adhesion 
tost  is  feasible  also  when  only  a  few  Ixnreliae  are 
present  in  the  bUxxl.  Mooser  (211)  found  that, 
in  the  adhesion  phenomenon,  Ixnreliae  form 
aggregates  or  ding  to  rod  and  white  blood  cells, 
to  slides,  cover  sli|>s,  and  to  bacteria  like  Excheri- 
eliia  coli  added  to  the  blood.  If  red  bUxxl  cells  are 
treated  with  homologous  anti-rod  bUxxl  coll  sera, 
then*  will  lx*  no  adhesion  of  lxtrreliae  to  r«*d  bUxxl 
cells.  Adler  and  Ashlx*l  (3)  saw  txirreliue  clinging 
to  the  nuclei  of  leukocytes,  but  only  after  the 
protoplasm  of  the  white  bUxxl  corpuscles  wa* 
dostmvod. 

The  technique  of  the  adhesion  test  consists  of 
mixing  fresh  serum  with  an  equal  amount  of  a 
sus|x*nsion  of  Ixnreliae  ami  of  an  E.  coii  *us- 
|x*nsion,  mediation  for  20  min  at  30  (',  and 
reading  the  result  with  dark-field  illumination. 
If  old  scrum  is  used,  the  addition  of  complement 
is  necessary.  This  test  v  a*  deveUijxxl  lx*fore  more* 
imxleru  techniques  for  such  reactions,  e.g.,  the 
use  of  red  bUxxl  cells,  wen*  intnxluced.  The 
adhesion  test  is  no  longer  uses l  for  diagnostic 
work  Ix'cause  of  its  variations  in  patients. 

Com  [dement  Oration 

Kidmanu  et  al.  (112)  pnqiaml  antigen*  from 
rat  bUxxl  and  u»xl  them  against  human  and 


mouse  sera  in  complement -fixation  tests.  B. 
hixpnniea  was  the  test  organism.  Only  low  anti- 
Ixxly  levels  were  observed  with  1:10  and  1  :S0 
dilutions  of  the  antigen.  Stein  (28H)  achieved 
satisfactory  results  by  use*  of  the  sa|x>nin-treatcd 
bUxxl  of  rats  infected  with  B.  recurrentis  or  B. 
hennxii,  containing  at  least  SO  Ixnreliae  |x*r  oil 
immersion  field.  Wolstonhome  ami  Dear  (294) 
inoculated  B.  duttonii  into  7-day-old  chick 
embryos  through  the  air  sac  with  0.4  ml  of  heart 
bUxxl  of  experimentally  infected  mice.  After  1 
week  at  37  C,  the  chorioallantoic  vessels  were 
o|x*ncd  and  allowed  to  bUxxl  into  the  allantoic 
fluid;  0.1  ml  of  this  mixture  was  used  for  further 
egg  inoculations.  After  10  weekly  passages, 
phenol-saline  was  added,  and,  after  centrifuga¬ 
tion,  was  used  as  the  antigen  in  dilutions  of  1 :25 
and  1:100.  Positive  reactions  with  the  first  of 
these  dilutions  were  considertxl  diagnostic. 
Syphilitic  sera  did  not  give  jxisitivo  reactions 
with  this  antigen,  but  typhus  sera  did.  This  test 
is  seldom  used  in  diagnostic  lalxiratories  lx>- 
cause  of  the  difficulties  encountered  in  the  prepa¬ 
ration  of  antigens  from  some  lxirreliae  which  are 
not  easily  adapted  to  developing  chick  embryos. 

Borreliocidal  Antibodies 

The  lxirreliocidal  activity  seems  to  lx*  identical 
with  anU-Borrelia  cytolysin  (114).  Belezki  and 
I'manskaya  (35)  believed  that  this  antilxxly  is 
most  im|xirtar.t  in  the  defense  against  Borrelia. 

Arlxmi  (K)  found  that  B  duttonii  survived  in 
the  presence  of  normal  guinea  pig.  rabbit,  pigeon, 
fowl,  and  horse  sera.  It  was  killed  by  normal 
cattle,  goat,  and  sheep  sera.  Sera  from  pigs  gave 
divergent  n*sults.  This  effect  disap|x*ared  after 
the  inactivation  of  the  sera.  Oag  (220)  oliserved 
that  the  bUxxl  or  the  serum  of  mice,  fowl,  and 
fowl  embryos  destroyed  B.  duttonii  in  vitro,  but 
only  the  bUxxl  or  the  serum  of  fowl  killed  this 
organism  in  vivo. 

Balteanu  ct  al.  (32)  found  high  lysin  titers 
after  attacks  in  man,  e*|xx*ia!ly  in  cxmvalesecnts. 
liallif  et  al.  ( 17a)  examined  3,700  human  *era. 
The  highest  titers,  to  1 : 20,000.  wen*  olisemxl 
during  the  crisis  of  the  first  attack.  The  lysin* 
wen*  found  10  month*  and  even  longer  after  tin* 
Ix'ginning  of  the  disease.  Ballif  et  al.  found  the 
lysin*  to  lx*  relatively  stabh*  in  vitro  Imt  observed 
that  treatment  of  the  patients  interfenxl  with 
their  formation.  I*ti*ter  (2142)  verified  this  in 
ex|x*riments  with  B.  hix/tanim.  The  *era  of 
|iatU*nts  and  guinea  pig*  showed  lvsin*  for  several 
months,  hit  the  result*  were  inconsistent  and 
could  not  h*  utilistxl  for  a  n*tros|xx*rive  diagnosis. 

Lysin-fast  strain*  may  develop  (59,  272). 
IVrha|t*  lx>rn*liae  form  an  antilysin  during  their 
sojourn  in  the  Ixxly  (272).  Lysin  ami  antilysin 
undergo  considcrnhU*  variation*  during  relajise*. 
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The  usual  method  of  testing  for  lysins  is  to 
mix  serum  and  borreliae,  ineulxito  at  37  (’  for 
2  hr,  and  observe  the  result  under  a  microsco|x\ 
It  is  possible  to  set  up  the  test  direetly  on  slides. 

Immobiluines 

Ihe  immobilizing  antibody  does  not  represent 
a  large  molecule,  because  it  could  not  lx*  sedi¬ 
mented  by  centrifugation  at  80,000  rev /min 
(194).  According  to  Calabri  (61),  it  is  related  to 
the  0-  and  7-globulins. 

Immobilizines  may  or  may  not  lx*  related  to 
lysins  (254).  Levaditi  et  al.  (194,  195)  proved 
that  man,  mice,  rats,  and  guinea  pigs  ]K)ssess 
immobilizines  for  a  long  time  after  infection. 
They  appear  in  the  mouse  blood  even  while  live 
organisms  are  still  present  in  the  brain  of  the 
animal.  B.  duttonii  recovered  from  the  brain, 
spleen,  and  blood  of  ex]x'rimental  animals  during 
the  latent  phase  of  the  infection  was  resistant  to 
immobilizines.  This  resistance  was  not  lost  in 
several  animal  transfers.  Levaditi  et  al.  stated 
that  this  resistance  develop  under  the  action  of 
antibodies  on  the  Borrelia  and  that  it  is  similar 
to  the  immobilizine  observed  in  Treponema 
infections.  Ranque  et  al.  (243)  expressed  a  similar 
opinion. 

Vaisman  and  Hamelin  (276)  studied  immobili¬ 
zines  against  B.  duttonii  and  B.  hispanira.  They 
observed  that  immobiliiines  were  highly  strain- 
specific.  This  was  confirmed  in  our  excrements 
with  B.  parlctri  and  B.  turieatae  (Felsenfeld, 
unpublished  data). 

Lysins  and  immobilizing  seem  to  present 
valuable  tools  in  Borrtlit i  studies  because  of  their 
strain  and  relapse-variant  s|x*citicitv.  They  are 
probably  the  most  im|>ortant  antitxxiies  which 
modify  borreliae  in  animals  anil  eliminate  them 
from  the  Ixxly. 

Cross-Proteriion  Tests 

Heck  (34),  Johnstone  (167),  and  Schuhardt 
(254)  reviewed  the  difficulties  encountered  in  the 
evaluation  of  animal-protect  ion  tests  in  Borrelia 
infections.  Immunity  to  one  strain  of  a  Bomlia 
s|x*cies  docs  not  convey  resistance  against  another 
strain  of  the  same  s|k*cm>s  in  many  instanci1*. 
Dubois  (HO),  for  example,  found  three  inuuuno- 
logicallv  different  B.  duttonii  strains  within  an 
area  of  a  few  square  miles  in  Ruanda.  Similar 
olirervations  wen*  made  in  Iran  with  H  persira 
(239).  Colas- Heleour  (HI)  rr|xirted  that  mice  pm- 
tected  against  reinfection  with  the  same  strain 
were  only  slightly  refractory  to  other  strains  oi 
the  same  s|*>cios  of  Horrrlin  bekmging  to  the 
cmcidunic  siilignmp.  Of  three  B.  turiratae  strains, 
only  two  showed  ernes -protect ion  (176),  Six  B 


duttonii  strains  collected  in  Tanganyika  dis¬ 
played  little  cross-immunity.  Mice  infected  with 
the  strain  marked  “II”  were  refractile  to  strains 
“C"  and  “D,”  but  not  vice  versa.  Geigy  and 
Hurgdorfer  called  this  phenomenon  a  “one-sided 
immunity,”  probably  a  ty|x>  of  premunity  (133). 
Similar  observations  were  made  bv  Addamiano 
and  Rabudieri  in  Jordan  (2),  using  two  strains, 
Irbid  and  Husu.  They  called  the  phenomenon  an 
‘‘asymmetric  immunity.”  On  the  other  hand,  the 
Kenya  tyjre  of  B.  reeurrentis  gave  cross-protec¬ 
tion  in  bushhabies  against  B.  duttonii  but  not 
regularly  in  monkeys  (128),  showing  overlapping 
cross-immunity  between  representatives  of  two 
Borrelia  s|x*cies.  The  novyi  strain  of  B.  reeurrentis, 
and  B.  duttonii,  however,  were  shown  to  differ 
from  the  three  Californian  Borrelia  tvpos  bv  this 
test  (83). 

Schuhardt  (254)  concluded  that  reciprocal 
immunity  is  not  always  the  rule  and  that  even 
the  variants  of  a  single  strain  collected  from  the 
same  patient  at  different  rebqises  do  not  show 
complete  cross-protection. 

Because  of  these  difficulties,  the  cytolysin  test 
and  the  interpretation  of  the  Pfeiffer  phenomenon 
are  often  preferred  for  establishing  the  presence 
of  cross-immunity. 

Relapse  Strains  and  Phase  Variation 

During  the  first  attack  of  relating  fever,  man 
and  animals  develop  a  relative  immunity  against 
the  infective  agent.  This  immunity  may  be  only 
of  short  duration  (1).  At  the  same  time,  some 
characteristics  of  the  causative  Borrelia  may  be 
changed  under  the  influence  of  the  antibodies 
produced  against  them,  and  so-called  reta|>*e 
strains  develop  (248,  249).  These  phenomena 
have  been  discussed  at  length  by  Hindle  (156, 
160),  Johnstone  (167),  Russell  (249),  Schuhardt 
(254),  and  Stavitsky  (267). 

According  to  Burrows  (59),  rela|>se  strains 
occur  because  of  the  antigenic  instability  of 
Borrelia.  Rekqiso  strains  of  Borrelia  acquire 
divergent  immunobiological  reactions  which 
may  remain  fixed  when  they  are  transmitted 
from  one  animal  species  to  another  hut  as  a  rule 
disap|x<ar  in  the  insect  vector  (10)  Rrlap.«c 
strains  seem  to  lx*  limited  in  ihe  extent  of  their 
varialxlitv  latt  usually  develop  sjiceific  individual 
characteristics.  Passage  through  animals  may 
change  their  sentkrgical  pro) *-r ties  but  at  the 
end  all  final  n4a|x<e  strain*  reart  in  the  same  or 
in  ckisely  similar  ways  (167).  It  seems  that  in 
reUqising  fever  one  <leals  with  a  ryrliral  disease 
dig'  to  a  ryrliral  agent.  Thi*  hold-*  true  also  for 
try|NUMisonutta  which  lx*havr  like  borreliae  in 
many  re*|x*cts. 
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The  plasma  collected  i  luring  the  crisis  of  an 
attack  contains  antibodies  which  delay  the 
development  of  Imrrelemia  when  the  plasma  is 
injected  together  with  Borrelia  into  other  animals 
(61).  This  activity  is  not  destroyed  by  preserving 
the  plasma  at  4  (’  for  4  days.  If  the  iela|>se  is 
terminated  artificially,  by  the  use  of  a  drug, 
unusual  variations  in  the  antibodies  and  in  the 
Borrelia  may  be  observed. 

The  virulence  of  the  rela|>se  strains  is  fre¬ 
quently  lower  than  that  of  the  original  strain 
(175).  Virulence,  however,  is  a  relative  attriliute. 
Kx|ierimenting  in  mice  and  with  B.  rerurrentia, 
KroA  (182?  found  that  strains  of  high  virulence 
and  good  immunising  qualities  produced  an 
acute  infection,  whereas  those  with  low  virulence 
gave  rise  to  recurring  attacks.  Apparently  the 
faster  formation  of  antibodies  in  infections  with 
organisms  earning  more  effective  antigeas 
terminates  the  disease  more  rapidly. 

Schuhardt  and  Wilkerson  (255)  saw  multiple 
Borrelia  variants  developing  in  rats  infected 
with  B.  turiratae,  even  after  injecting  only  one 
single  Borrelia  organism.  Thus,  rela|>ae  is  an 
immunological  phenomenon  resulting  from  the 
inherent  ca|>acity  of  the  Borrelia  to  undergo 
antigenic  variations. 

The  number  of  antigenic  variants  differs  from 
strain  to  strain.  Cunningham  (89)  described  a 
variation  of  the  carteri  strain  of  B.  recurrrnlia 
from  a  phase  called  “A"  to  another  called  “11” 
with  a  tendency  to  reverse.  Later  he  and  his 
co-workers  (90,  91)  found  additional  |ihases  and 
concluded  that  phase  A  ap|*-ar*  in  the  first 
attacks,  phase  It  in  the  first  rela|>ses,  and  i>hase  C 
irregularly  lait  mostly  in  the  second  relajsa*.  I) 
to  H  were  found  in  the  second  rela|we  and  1  in 
the  first  rela|i*c.  A,  It,  D,  and  K  seemed  stable 
and  iletinite;  F  was  rare,  persisting  through  mam 
passages  hit  usually  supidanted  by  it.  («  was 
related  to  A;  (’.  t >.  and  K,  to  It.  In  man,  mostly 
A  ami  It  were  found.  H  ami  l  were  recovered 
from  prolonged  attacks,  usually  together  with  It. 
Iftase  variation  was  oherved  also  in  ticks.  .V* 
mam  as  nine  Borrelia  variants  were  found  in  a 
single  tick  (90).  Mdmey  (307)  rrfmrted  six 
antigenic  Borrelia  variant*  in  rat*  when  studying 
the  Chinese  strain  of  B.  irrsm-siu  Russell 
(248),  e\|»enmenting  with  Crirriomya  yamht wnm*. 
olwervrd  |4ia*r*  A  and  It.  later  also  C*.  Since 
immune  hodir*  were  transferred  from  animal  to 
animal  during  the  inorulatioo*,  she  mnsidnvd 
it  nreessary  to  collect  strains  in  the  Uginnin#  of 
the  refaqees  when  there  is  atttihodv  aetivitv. 
Borrelia  strain*  could  readapt  themselves  anti 
groiraliy  several  time*  liul  the  numhrr  of  re 
adapted  <>rgani*m«  wa*  limited  in  these  r\|«eri- 
ment*. 
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The  antigenic  schedules  suggested  by  Cunning¬ 
ham  et  al.  (90,  91)  did  not  gain  |x>pu!arity, 
because  there  are  differences  in  the  immunological 
as) iects  of  each  individual  Borrelia  strain. 

Reinfection 

The  literature  contains  re|H>rts  concerning 
surprisingly  short  |>erioris  of  immunity  in  man. 
Simmons  (260)  stated  that  reinfection  ran  take 
place  in  2  months;  others  (292)  said  that  this 
may  hap|x>n  in  40  days  to  6  months.  Apparently, 
a  revaluation  of  recurrence  versus  reinfection  is 
desirable  also  in  relating  fever  (115). 

In  area*  where  relating  fever  is  ,  udemic,  the 
disease  is  usually  more  severe  in  newcomers 
(191,  284)  because  of  the  early  exjjerienee  of  the 
local  inhabitants  with  boneliae,  but  little  is 
known  about  the  immunological  res|ionses  in 
such  imputations. 

Immunity  in  animal*  seems  to  last  relatively 
long.  In  guinea  pipe,  for  example,  premunity  for 
2  years  was  observed  (256).  On  thie  other  hand, 
hooded  monkeys  could  be  reinfected  with  the 
Tri|mlitan  strain  of  B.  hiapanica  after  only  6  to 
9  months  (221).  Superinfections  in  nonimmune 
animals  gave  interesting  results.  When  hamsters 
and  Rhesus  monkeys  infected  with  B.  rerurrentia 
were  sujierinfected  with  the  Chinese  strain  of 
B.  rerurrentia,  the  monkeys  did  not  rrs|>ood  at 
all  and  the  hamsters  developed  only  mild  in- 
fcctions  (75).  When  mire  infected  with  B.  dut- 
tonii  were  sejerinfected  with  B.  rrocidurae  and 
B.  hiapanica  simultaneously,  the  |>rriud  of  circu¬ 
lation  of  the  boneliae  in  the  blood  was  prolonged, 
liut  there  was  no  change  in  the  course  of  the  in¬ 
fection  (172). 

Clearly,  murh  additional  information  is  needed 
in  thL*  field. 

Hereditary  Immunity 

Nohira  (224)  showed  that  the  oG»|iring  of 
female  rat*  immune  against  the  Manchurian 
*train  of  B.  rerurrentu  were  imnmnr  for  about 
66  day*  against  the  same  strain.  Nohira  claimed 
that  the  antihnriir*  were  transferred  through 
the  |4amUa.  !f  a  woman  Ijerome*  ill  with  rr 
laieing  fern  during  iwrgnanry,  however,  abw 
tion  terminates  the  life  of  the  fetus.  Antibodies 
were  found  in  the  milk  (248).  No  further  data 
are  availaltle  on  this  important  problem. 

Intrrfermre 

B.  ncurrenti •  am'  kit  pan  tea  did  not  interfere 
with  Spirillum  minus  infection*  in  rat*  (199. 
114). 

Tests  used  for  the  diagtacu*  of  *yj4ub*  may 
become  positive  during  ret* pong  fevrr.  The 
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Wasscrmann  reaction  was  jxisitivc  in  30',  of 
the  patients  in  (’hina  (71)  an<l  in  one  ease  in  the 
I'nited  States  (216),  Imt  it  ap|>can*d  to  lx*  posi¬ 
tive  only  for  a  short  |x*ritxl  (244).  'Hie  Kahn 
reaction  was  |msitive  in  IS' ,  of  imtients  in  China 
(71),  transiently  positive  in  4  of  24  ease*  in 
Cyprus  (107),  and  negative  in  sick  |iersons  in 
Kenya  (12H). 

When  R.  nrumnti*  was  injected  into  mice 
lmrlxirinn.  hptoipirn  irterobnemorrlingint ,  the 
course  of  the  infection  did  not  differ  from  that 
olrervtd  after  the  injection  of  R.  rrrurmitix 
alone  into  healthy  mice  (114). 

II.  Htittoni  did  not  alter  the  course  of  cossackie 
It  vims  infection  in  mice  (102)  nor  that  of  Rirkrtt- 
rin  ((' oxirlln )  Wwiii  in  guinea  pigs  (3K). 

R.  burnttii  did  not  interfere  with  H.  Iiin/ninim 
infection  in  rats  (109). 

The  relationship  of  liorrcliac  to  typhus  fever 
is  an  intcrt^fiiig  problem.  In  man,  attaint inat ion 
tests  with  OXK  ant  men-  were  jstsitive  in  re¬ 
lating  fever  to  high  titers  in  Africa.  Imt  with 
OXI9  in  only  a  few  instance-.  ( 170. 296). 

It  is  not  known  whether  Imrreliac  interfen* 
with  rickettsiac  in  the  louse.  Oliscrvatioii*  during 
World  War  I  showed  that  cpMicmic*  caused  by 
iIh-sc  agents  increase  simultaneously  Imt  <lr- 
•Tease  separately  (65).  In  an  outlirvak  in  Addis 
Abulia  (170),  epidemic  ndapsing  fcvci  disap- 
•x*arcd  soom-r  than  tyithus,  In  Yugoslavia,  after 
V  >rkl  War  II,  rela|>sing  fever  was  mon-  common 
in  localities  where  epidemic  typhus  was  ran*  (25S). 
iVrhajis  the  various  Rorrtlin  ami  R.  proumrki 
strains  have  different  influence*  on  each  other 

A  close  relationship  U-twis-n  Uirrcliac  ami 
some  tissue  ami  hints!  pmtoma  has  lawn  n*|x»rtcd. 

Rorrtlin  infections  activat'd  clinically  latent 
IsitJimania  tloHomn i  mfeetiou*  in  man  (*7). 

Traill  maim  (2711)  wn>  the  first  to  e\|ieriment 
with  Tritfntnammu  ami  Rorrtlin  in  the  *anw 
animal.  Hal»Ut  s-rtmi  against  R.  thtUont  tm- 
tnolxliar*  Imt  th***  not  agglutinate  T  bruni  ami 
vtts*  \*ersa. 

R.  mriHutm  ami  R  rfstlMui  cxlcmlcd  the  life 
sjmn  of  inter  inoculated  with  T  fnmtmnmr  tlw7). 
R.  bupontn.  was  l»~.s  rff relive  than  R  button  tt 
in  mice  tnfrelrd  with  T  rbmirtu km  (|s5t 

intt*resting  chronological  ol*wrv»tw»i*»  were 
mwle  h$r  Vincent  <279*  When  7*.  mmotimae 
was  inoculated  into  white  rmo-  tog<  ther  with 
Hamit*,  the  inuilwliun  itnte  wa«  t),  •  wnr  a* 
when  each  organ  fin  was  admmftrml  spi 
ratrlv,  i.e..  3  day*  lor  Hamit*  ami  2  t->  3  «iay»  for 
Trypamataam.  ‘140-  lr>pnn*««umal*  mu!ti|4ird 
•htwly,  and  the  animal*  did  not  tin-  in  5  to  9  •!*»  •, 
as  n>ua!.  I  wit  try  |wim>Miniata  grcwtlv  <|cvn***rd 
from  thr  7th  tlay  on.  Then  lendm  mrn-»ol 
in  ntmilmf  ami  the  infect  mo  Irutmr  |w*rnalieal. 


After  that,  try|>anosomata  up|x*and  in  greater 
numlx*rs  and  the  animals  dietl  in  Iff)  to  40  days. 

Carminati  (67)  cxixTimciihd  with  three  strains 
of  Trupnnowmn  ami  R.  tluttonii.  R.  tluttonii 
retarded  T.  brunt,  T.  gnmbitnnt,  ami  T.  n/ni- 
jxrtliim  infections  in  mice.  Interference  occurred 
only  when  large  munls*r*  of  Rorrtlin  ein-ulatid 
in  the  blixxl.  2.3-1  )imercaptt»propanol,  dextrose, 
vitamin  (’,  ami  eytoehnnne  did  m*t  affect  this 
antagonism,  'Ilicn*  were  no  mwTrupnnominn 
antilsslies  in  the  sera  of  animals  treated  with 
R.  tluttonii  alone.  In  animals  infeetid  with 
Rorrtlin,  lt*sscr  siisceptiiiility  to  Trti/tnnoxoniu 
was  notid  also  after  the  Rttrnlin  disap|>rand 
from  the  blixxl. 

The  meehanism  of  the  interferem-e  of  Rorrtlin 
with  Tnjpnnommn  is  not  well  understood  a*  yet. 
These  gem*ra  an*  biologically  related  Since  some 
Ixirrvliac.  like  R.  ptmirn,  do  not  display  inter¬ 
ference.  it  is  difficult  to  accept  the  tins  try  that 
this  is  merely  the  result  of  a  gem-tic  relationship 
lietwccn  Rorrtlin  ami  Tnjpnnmtomn.  Vincent's 
theory  (279)  that  macrophage  |>artici|»ation  i* 
the  cansi*  of  interference  is  not  lx»me  out  by  tlw 
histological  Hndings  seen  in  l*»th  infections. 
Sima*  tin*  liiochi’misiry  of  Rorrtlin  and  Tnjpnno- 
*omn  antigens  ami  antiiiodics  has  m>t  Iwaai  workial 
out  completely  a*  yet,  om-  may  lw»|x*  tluit  a 
U'ltcr  uiMlcrstanding  of  the  pnildcm  will  n*siilt 
from  such  *tudi»**. 

(ialiianl  cl  al.  (123)  uiilind  tin*  phenomenon 
of  antagonism  for  the  diffen-ntiation  of  tick- 
ItortM*  Itortvliai*.  They  naa>mmcmled  that  mita*  U* 
infia-tial  wit',  tin-  unknown  or  uiiMlentifiid 
Rorrtlin  strain;  then,  at  tin*  height  of  the  hr* I 
attack,  that  T.  bruni  In*  injected.  If  mita*  survive 
for  a  long  time,  ami  if  -sum*  even  appear  to  In* 
cnna|,  tin*  unknown  *tr»m  may  la  H  >1  niton ii , 
R.  uiurati,  R.  mtrioHtsi,  or  R.  irmitlurm.  It 
then*  i*  m*  |»uilia'lM>n  ami  tlw  i»ii«a-  «|i»*  within  I 
week,  the  organism  may  I  a-  H  fn/nuiiit  or  li 
ptriarn.  If  there  »ti*  \anal4c  result*.  H  lurnnlnt 
lia*  to  la*  con*wirtid. 

Thi-  olwervation*  of  f  ialiianl  el  al.  are  inter 
c*tmg  also  from  the  gtairtic  |awnt  of  view.  Sima* 
horrrhac  an*  mlaptrd  to  their  th*k  vector*.  tlw* 
|a«*sd Je  rvlal n*n*hip  lirtmeen  lh«*  iitlsjariis  of 
itisct.  ami  tlw  T  brunt  inhitaling  activity  of 
tlw  respective  Rarrrltn  strain*  may  •h'w-rve 
further  »tmlv 

Tktntptttlir  Sum  ami  1  arrow r 

The  use  of  nan  vlewmi  sera  in  the  iivalnwftt 
of  n*h|stni  fever  wa*  imamtewlnl  bv  S-rgcuf 
i2.V»i  Italteanu  et  al  t32>  re|**rtrr|  chills  ami 
rvrtl  rr<lbl|or  in  rltail  73" ,  of  thc'T  joilwnt* 
tiratrrl  with  Mwh  «**r»  When  the  sermn  wa* 
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administered  intramuscularly,  the  reaction  va.» 

violent.  Ilx***  authors  U'lievrd  that  it  i*  a 
Herxheimer  tyjie  of  reaction,  due  to  th«‘  *udden 
disintegration  of  Ox*  Wim-liac. 

Sergent  (236)  aLso  reviewed  the  pmMem  of 
vaccination  against  Borrrlia  and  concluded  tliat 
wither  heat-killed  nor  hilt*  vaccines  are  efleetive. 
Heat-killed  vaccines  protect  only  agaiu*l  in¬ 
fection*  with  the  strain  from  which  they  wen* 
pn*|  rated.  Lysias  develop  in  tlx*  vaceinated 
animals,  which  Us-onx*  refract ile  to  small  intni- 
cuiaix*nu*  (Iim-s  of  tlx*  homologous  strain. 

I’XACTK  AL  LaHOKATOHV  DlAt.NOsis 

IV  lalmratory  diagnosis  of  Horrtha  in  human 
infections  is  ham|x*red  In  tlx*  {Kiucity  of  tlx* 
organisms  in  tlx*  Mood  «tn*am  in  soiik*  tv|n*»  of 
rcb|ising  fever,  ,*s|>eeially  in  childn*n.  liorn-liac 
disap|x*ar  fnmt  tlx*  cin-ulalioit  or  tix-ir  tiumU-r 
grvatly  dimintslH*s  shortly  liefore  tlx*  crisis.  '11x1', 
itXM-ulatk>n  of  young  mice  with  lik**l  or  'pittai 
fluid,  or  l»lh,  may  In*  the  only  im-aii*  of  deiiu •li¬ 
st  rating  tlx*m  (43). 

For  staining  of  thin  ami  thick  *ux*ai>.  tlx* 
( in-iusi  stain  with  gentle  heating  for  4  to  5  min 
i'  tlx*  most  convenient  iik-iIxnI,  or  tlx*  Wright 
stain  with  a  >ul**etpx*nt  -h*>rt  ,  i  **»  30  ««*r) 
staining  with  I  ‘ ,  crystal  violet  can  !■-  .,-«d 

Xcnodiagmet*  was  suggested  as  a  lalmratory 
met  hist,  I  nit  it  gave  nnn*lial4e  results  (2(f). 

IV  ileterminalion  of  lytic  ami  iintixd**li*t:>  _• 
antiUslie~  may  !■*  U-lplul  Uu  diHieult  to  in¬ 
terpret  in  rclajiscs. 

StVIUAKV 

Itorreliae  causing  rela*  sing  fever  can  l»*  diviiicd 
into  lou«c  Uirm-  atxl  tx-k-Uum*  groups.  The 
rts-omiiH'txiisI  classihcatMin  of  the  'trains 
anntiling  to  their  'pccilw-  arthri,|ssl  vertors. 
Moqihologically.  the  sprrx*-  i|o  hot  differ  from 
each  other  lattlr  e  known  aUnit  their 
nxtaUiUsni.  Culture  nx-tlxals  are  tx>t  'alt* 
lactory  tor  the  t«n>)iagata>u  ,4  laxnliae  Thrv 
grow  in  <h  \  eknang  ehu-k  etnUlis  l«m  me  not 
c»*ily  adapt, -d  to  tho  host  fix  long  range  «t»|ii 
vat  am. 

V  rtmsxlrtalJr  htltnlrt  ot  *cx-ntihc  «-Xj*-rimmt* 
have  Usn  rv)«*rtrd  in  thr  literature  cuw-rrmng 
•  U  ariifs  ta!  rstaMishnw-ni  <*t  Inndw  in  in*eet 
specie*  Other  than  thw  Irv  *hi*'h  the  lP«|*-ctlve 
'train*  are  ramo!  m  nature  Surer  mam  author* 
used  ihffereot  tnW|ie*  atwl  wmVnl  with  refa 
lively  ten  strain.,  thr  result*  are  ,sx»iu*ins  |» 
svim,  however,  that  tui  l**te  U«rreluir  remain 
tick  h>nr.  ami  |*~ihais  t«il\  rx<r-t>fxmaUv  U- 
ron«r  isis-  hirnr  atwl  uwkmir  IWxrefiar,  hw 
ever,  seem  to  have  ixtgtnatrd  atwl  ifcrvrhifvsl 


fi.”» 

with  ticks,  atxl  to  liave  invaded  small  mammal* 
ami  Invoiik*  I  imanotropie  only  after  a  long 
|n*rxxl  of  aiiaptation.  ’I1x*ir  pni|tagation  and 
geographic  di'triUition  dc|H-mt  on  the  Uologv 
of  their  vis-tor*.  Animal  reservoir*  do  not  svm 
to  play  so  large  a  role  in  the  epidemiology  of 
reb|i>ing  fever  a*  was  U*lieved  in  past  ikvwlis, 
Imnuiixrlogieal  *lixlie»  of  Horrrlin  revealisl 
the  im|Nirfanet*  of  immolriliting  ami  lytic  atiti- 
Inslies.  There  are  extensive  pha-e  variations  and 
mutation'  in  infected  animal'  ami  man,  yielding 
•o -called  n*la|oe  strain*.  Tin*  further  liam|H-r' 
the  classification  of  tin*  isolated  ty|x**. 

IV  praetieal  lalmratorv  diagnosis  i*  lm*<-d  on 
nonuse  iiXM-itlation  and  on  Missl'incar  studies. 
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